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Abstract 
Background. Adaptive seating systems are used with children with cerebral palsy to 
promote function and independence and to prevent the development of deformity. A 
seating system that uses a sacral pad and kneeblock to control the pelvis was 
investigated. 
Methods A mixed methodology design was employed. Acceptability was addressed 
through the development and administration of matching questionnaires to the parents 
and therapists of the children participating in the project. Effectiveness was 
investigated by measuring pressure at the sacral pad, force exerted through a kneeblock, 
seated postural alignment and seated function; during a case controlled trial, where 
children were seen 6 times over a period of 6 months. Children removed their 
kneeblocks for a period of one month between visits 3 and 4. The force, pressure and 
postural alignment data were statistically analysed. Theoretical biornechanical analyses 
were also performed. 
Results Questionnaire results showed important differences between parents and 
therapists views of the seating systems. Therapists concentrated on postural 
management, whilst parents were concerned with day-to-day management of the child. 
There were few statistically significant differences over the 6-visit trial for force, 
pressure or postural alignment. There were no statistically significant correlations 
between force measured at the kneeblocks and pressure exerted through a sacral pad, 
nor between force and postural alignment. Statistically significant effects on hip 
abduction and hip rotation were found on removal of kneeblocks. Finally, individual 
biornechanical analysis illustrated positive effects for hip abduction for some children, 
but a tendency to increase deformity in half of the children. 
Conclusions Adaptive seating systems that use a kneeblock and sacral pad may achieve 
hip rotation and abduction for children with cerebral palsy. However, no other 
improvements in posture were seen, and biornechanical analysis showed an increase in 
tendency of the children to develop secondary deformity. 
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Chapter 1: Introduction and Literature Review 
1. Introduction 
Within the first 12 months of a child's life, they will learn to gain head control, sit with a 
straight back, and be able to move in and out of an independent sitting position. 
However, for the child with cerebral palsy, sitting ability is delayed and independent 
sitting in some is absent (Cogher et al 1993). When this is the case, seating systems are 
employed to compensate for the inability to sit, for the purposes of mobility, interaction 
with the environment, functional skills and socialisation (Burgman 1994). These 
systems are called 'special' or 'adaptive' seating systems, and are often seats that are 
placed in a standard wheelchair. These adaptive seating systems are employed to try 
and help prevent deformity as well as enhance or encourage function and adaptation. In 
the literature, evidence is available to support that adaptive seating for children with 
cerebral palsy a valuable help with the development of motor skills, functional and 
adaptive skills and to help prevent fixed deformity (Green and Nelham 199 1, Hulme et 
al 1987, Hulme et al 1989, McClenaghan et al 1992, Myhr and von-Wendt 1991. Neilson 
et al 2001, Nwaobi and Smith 1986, Pain et al 1996., Reid and Rigby 1996a, Reid and 
Rigby 1996b, Reid and Sochaniwskyj 199 1). 
It is generally accepted that there is a need for seating and 'adaptive' seating systems for 
children with cerebral palsy (Alderslea 1999, Myhr and von-Wendt 1990, Myhr and von- 
Wendt 1991 Nicholson and Bonsall 2002, Pountney et al 2002, Working Party Report of 
the British Society of Rehabilitation Medicine 1995). However, there has been little 
evidence to suggest which particular types of adaptive seating systems improve posture, 
respiration, eating and other functions and help prevent deformity. Previous research in 
this field has tended to be descriptive and non-controlled, with small cohorts (Green and 
Nelham 1991, Lamert and Ekberg 1995, Mulcahy and Pountney 1986, Myhr and von- 
Wendt 1990, Reid and Rigby 1996a). This lack of evidence for practice is not limited to 
the adaptive seating field, but many other areas of 'treatment' such as 
neurodevelopmental therapy, conductive education, or even efficacy of 'therapy' itself 
(Bower and McLellan 1994, Butler and Darrah 2001, Robinson et al 1989). At the same 
time there is a current evaluation of service delivery and requirement for evidence to 
provide 'better' wheelchairs and seating systems for the disabled population as a whole, 
and children are seen as a priority (Alderslea 1999, Audit Commission 2002, Cox 
2001, Cox 2003, Nicholson and Bonsall 2002). However, there is little agreement as to 
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which seating systems are best, or what other factors may enhance or hamper the 
efficacy of a seating system. It is the responsibility of the professionals involved with 
this group of vulnerable people to ensure that high quality efficacy research is 
undertaken and reported. 
It has further been recognised that high quality research in the field of childhood 
disability is required, and McConachie (2002) suggests that research in this field is 
gradually improving in quality by examining treatments in a controlled way, allowing 
for meaningful interpretation of the results, as well as utilising social science research 
methods with combinations of qualitative and quantitative methods. However, 
McConachie further raises the question of how study designs can be judged as 
appropriate, given the complexity of the nature of children with chronic disability. This 
has been addressed in this thesis by the use of a mixed methods study design, to 
examine a number of equally important aspects of the children's use of seating systems. 
This thesis investigates a particular type of adaptive seating system developed using 
biomechanical principles. This includes the use of devices known as the 'sacral pad' 
and 'kneeblocks' designed to provide postural stability for the purpose of gaining an 
increase in function and to prevent the development of fixed deformity at the hip joints. 
The kneeblocks are part of an 'orthogonal' system; a system which demands that the 
user sit with angles of ninety degrees at hips, knees and ankles. The primary objective 
is the application of forces to the pelvis to create a 'moment' to correct the position of 
the pelvis, which can then be balanced by the force exerted through the kneeblocks 
(Green and Nelham 1991, Mulcahy et al 1988, Pountney et al 2002, Scrutton 
1989, Scrutton 1978). There has been no objective research into the efficacy of this 
system. The publications in this field tend to be based on unproven theory and clinical 
experience. Further concern regarding the theory using kneeblocks and sacral pad has 
been expressed regarding increasing the risk of developing deformity, by using 
potentially damaging forces on delicate and vulnerable joints (Reid and Rigby 1996a). 
However the scope of the problem of whether this particular seating system is effective 
is wider than just deciding whether the biomechanics of the system work. Whether a 
seating system, or any piece of equipment, is effective or not depends not only on the 
process, but the management of that process by the systems that the child operates 
within, and the people who deal with the child, particularly in the home and school 
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setting. Therefore a mixed method research design has been employed (Cresswell 
1994). In order to examine whether an adaptive seating system is effective or not, 
research questions across several different domains need to be addressed. In order to try 
and address a multitude of questions in a coherent manner, the World Health 
Organisation's (WHO)(2001) International classification of functioning disability and 
health (ICF) has been employed as a model on which to base this dissertation. 
The ICF (2001) is a revision of the International Classification of Impairments, 
Disabilities and Handicap (ICIDE) (WHO 1980). It is a classification system designed 
to serve both professional disciplines and health delivery sectors, and aims to establish a 
common language for understanding and investigation into health and health related 
states, outcomes and determinants. ICF is based on an integration of medical and social 
models, in order to explore various perspectives of functioning. This fits well with the 
concept of seating and children with cerebral palsy, where prescription of a wheelchair 
to prevent positional deformity by an 'expert' service would perhaps be based on a 
medical model of service, but the responsibility of the expert service to provide what the 
child requires to access all areas of their life, curriculum and occupations may fit more 
into a social model conceptually. 
ICF provides a description of situations with regard to human functioning and serves as 
a framework to organise this information. A schematic representation of the ICF is 
shown in figure 1.1. The classification is organised into two main parts - part one 
concerning functioning and disability, the second covers conceptual factors. Part one is 
further subdivided into health condition, body function and structures, activities and 
participation. Impairment refers to problems with body functions and structures. 
Activities and participation refer to the execution of a task by the individual and 
involvement in life situations. 
Part one - functioning and disability are concepts that should be applicable across 
different cultures, whereas part 2- contextual factors - should be seen in the context of 
an individual's life, living and culture and includes 2 further components - 
environmental factors and personal factors. A schematic representation of the ICF is 
shown in figure 1.1 - 
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Figure LI: Schematic diagram outtining the interactions between the components of the ICF (WHO 
2001). 
The above model can be used to describe the process of interaction by mapping different 
components, and forms a useful structure to construct research questions. Furthermore, 
the interaction between the components is important, as it demonstrates that the 
provision of healthcare (in this case) is not static, but open to change, interaction and 
evolution. Figure L2 shows an adaptation to the ICF model, suitable to ask the question 
of efficacy, adaptability and acceptability of one particular type of seating system for 
children with cerebral palsy, their families and caregivers. 
Figure 1.2 illustrates the role performed by therapists - namely the assessment for 
positioning and the participation of involved parties, personal and environmental factors 
that this project considers. This research project does not investigate the health care 
condition of cerebral palsy, but concentrates on the activity of providing the equipment. 
The interaction of activity on body ftinction and structure was by measuring 
change in children's posture as well as measuring the effect of the seat on children's 
posture by measuring force applied through the kneeblock and pressure measured at the 
sacral pad. This was performed in a case controlled trial, where children act as their 
own controls as the intervention is removed for a short period. Contextual factors were 
measured by a qualitative investigation as a pilot leading to the development of a 
questionnaire. Participation in the process was not a focus of the investigation, but 
addressed through questionnaire response and literature review. 
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Figure 1.2: A method forvicwing the complex interactions between components of provision of 
adaptive seating systems for chfldren with cerebral pals, %. 
The format of the literature review follows the basic structure of the ICF format, 
beginning by a discussion and report of the health condition of cerebral palsy, followed 
by body functions, structures and impairments associated with the health condition. 
Actions to alleviate difficulties with body functions and structure, and the participation 
of families and therapists will then be discussed; an exploration of the context of 
environmental and personal factors Will conclude the review. 
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Literature Review based on ICF Classification 
2. Health Condition: Cerebral palsy 
Cerebral palsy can be defined as a disorder of movement and posture caused by non- 
progressive defect or lesion to the immature brain, or a term of convenience applied to a 
group of motor disorders that result in chronic disability (Aicardi 1992, Badawi et al 
1998, Bax 1964,, Becher 2002, Mutch et al 1992, Nelson and Ellenberg 1978, Stanley et al 
2000a). Although the brain lesion is unchanging, from a clinical point of view signs 
and symptoms do change together with children's development and maturation of the 
central nervous system (Aicardi 1992, Mutch et al 1992). The incidence of cerebral 
palsy in Europe has recently been estimated at 2.08 per 1000 school age children 
(Surveillance of Cerebral Palsy in Europe 2002). which is consistent with estimates of 
incidence throughout the developed world of between 2 and 3 per 1000 school age 
children, with approximately one third to half of children with cerebral palsy of low 
birthweight. (Bottos et al 1999, Pharoah et al 1996, Robertson et al 1998). This figure 
appears to be unchanging with time, even with the advent of improved healthcare of 
neonates, and it has been suggested that the severity of cerebral palsy may be increasing 
(Surveillance of Cerebral Palsy in Europe 2002). 
As stated, cerebral palsy refers to a 'group' of disorders, which are classified into 
different 'types. To classify the type of cerebral palsy, a combination of the pattern or 
distribution of the motor disorder and the neurological manifestation of the disorder is 
commonly used. Distribution is termed 'diplegia' (predominantly two limb 
involvement), 'quadriplegia' (predominantly four limb involvement) or 'hemiplegia' 
(predominantly one sided involvement). Pattern of movements include 'spasticity' (high 
muscle tone or hypertonicity), 'hypotonicity' (low muscle tone), 'ataxia' (in-coordination 
of movements), and 'dystonia' (alternating muscle tone). These terms are combined 
together to describe the movement disorder - for example spastic quadriplegia. In 
addition, although two or four limbs may be involved, the distribution of abnormal 
muscle tone is often asymmetrical between left and right sides (Aicardi 1992, Becher 
2002, Hopkins and Smith 1993, Sinha et al 1997). 
Although a motor disorder is the primary prerequisite for the diagnosis of cerebral palsy, 
a number of associated features also exist with the condition. These include cognitive 
and learning disabilities, behavioural difficulties, epilepsy, sensory difficulties, 
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hydrocephalus, eating and swallowing problems, gastro-oesophageal reflux, speech and 
language difficulties and problems with manual dexterity (Badawi et al 1998, Beckung 
and Hagberg 2002, Cogher et al 1993, Evans et al 1985, Kennes et al 2002, Pharoah et al 
1998, Reilly et al 1996, Sola and Piecuch 1994, Stanley et al 1993, Stanley et al 2000a). 
The likelihood and severity of associated difficulties tends to increase with an increase 
in the severity of the motor disorder (Kennes et al 2002, Stanley et al 2000a). 
Development of the musculoskeletal system in children with cerebral palsy can be very 
different from those without disabilities. The incidence of scoliosis in people with 
cerebral palsy is estimated at 25%, rising to 60-75% in people with severe spastic 
quadriplegic cerebral palsy (Kavcic et al. 1998, (Lonstein and Beck 1986, Madigan and 
Wallace 198 1 Pritchett 1990). Severe scoliosis in patients with cerebral palsy can create 
even greater difficulties, such as compromised pulmonary function and increased 
nursing and caregiver needs (Saito et al 1998). Hip dislocation or subluxation (also 
known as displacement) is also commonly associated with children with cerebral palsy 
(Scrutton et al 2001). It has been estimated that the prevalence of hip displacement 
varies from 2.6-45%, with rates of up to 75% in more severely impaired patients with 
cerebral palsy (Gudjonsdottir and Sternmons Mercer 1997, Lonstein and Beck 
1986, Noonan et al 2000, Pritchett 1990). 
Children with severe types of cerebral palsy (the participants of this research project) are 
also at risk for osteopenia and osteoporosis, with an associated increase risk of bone 
fracture (King et al 2003). The fractures have been attributed to several factors, such as 
joint contracture, poor nutrition, hip dislocation and immobilisation (Bischof et al 
2002, Gamble et al 1990, Henderson 1997, Pritchett 1990). Further studies have shown 
that vitamin and dietary deficiency, exacerbated by poor nutritional status and non- 
ambulation are associated with low bone mineral density -a further risk of bone fracture 
(Bischof et al 2002, Hahn 1976, Henderson et al 1995). 
Children with cerebral palsy have been shown to be smaller and less well nourished than 
the normally developing population (Rempel et al 1988, Stevenson 1995). Other studies 
have shown that body composition and nutritional state indicators are significantly 
reduced in children with cerebral palsy (Matthiesen et al 1989, Reilly et al 1996, Reilly 
and Skuse 1992, Spender et al 1989, Stallings, 1995). 
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Those children with severe spastic quadriplegia and poor nutritional status have been 
shown to have a high risk of dying. The most common cause of death for those at high 
risk was respiratory problems (59%), with epilepsy as the second most common cause 
of death. (Blair et al 2001, Liptak et al 2001). Mortality risk increased with increasing 
intellectual impairment, motor impairment and number of severe impairment. With the 
exception of those children with profound learning difficulty, most children with 
cerebral palsy can expect to survive into adulthood (Blair et al 200 1). 
The children who were the participants in this research study have a severe form of 
cerebral palsy, with four limb involvement, of either a predominantly spastic or 
predominantly dystonic type. Children with this type of involvement have been shown 
to be most at risk of developing postural deformity (Bower 1990, Kalen et al 
1992, Lonstein and Beck 1986, Madigan and Wallace 1981, Pritchett 1990, Root et al 
1995, Saito et al 1998, Sherk et al 1983, Thomson and Banta 2003). It is in an effort to 
help prevent the development of postural deformity that biornechanical and 
neurodevelopmental principles are used in the design of postural management 
equipment for this population (Bell 1987, Bell and Watson 1985, Green and Nelham 
1991 Mulcahy et al 1988, Perr 1998, Pountney et al 2002). 
3. Body Functions and Structure 
This section will focus on the body function and structural difficulties that are the results 
of the health condition of cerebral palsy. It is difficult to separate the health condition 
and body function and structure in a clear delineation, so there is some overlap. It is 
also difficult to separate difficulties with body function and structure with the action 
taken to remedy that. In this case the surgical and other treatments will be discussed in 
body function and structure, because whilst it influences the seating therapist, it is not an 
activity that the therapist can control. This section concentrates on the body functions 
and structure relating to deformity, sitting and function, as well as other considerations, 
such as pulmonary disease which, although may not be directly related do have an 
impact on the adaptive seating system. 
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3.1 Deformity 
Children with cerebral palsy are at risk of developing fixed deformity (Abel et al 
2003, Cooperman et al 1987, Cornell 1995, Lepage et al 1998, Nelham 1984, Stanley et al 
2000a, Stanley et al 2000b). There are three terms used to describe deformity: mobile 
deformity, fixed deformity and structural deformity. (Scrutton 1978, Williamson 2003). 
A mobile deformity is maintained by muscle power and/or gravity and can be corrected 
passively. This is the area in which correction by equipment is thought to be most 
useful. A fixed deformity (or contracture) is one that cannot be corrected passively as 
the soft tissue (muscle, ligament etc. ) does not allow a full range of movement at a joint. 
Structural deformity is one that is caused by abnormal bone shape or lack of joint 
integrity. Trying to correct a fixed or structural deformity by positioning may cause 
discomfort and even stress and strain on the long bones of the child (Brunner and 
Doderlein 1996, Scrutton 1978) - which, given the increased risk of fracture, is of 
concern. The role of adaptive seating is to attempt to correct a deformity that is not 
fixed, or accommodate to a deformity that is fixed, thereby preventing the development 
of secondary deformity. 
3.2 Spinal deformity. 
Spinal deformity is commonly associated with cerebral palsy, and is particularly 
prevalent in the more severely affected population (Huang and Lenke 2001, Miller et al 
1996). The deformity may consist of scoliosis (lateral or rotational bending of the 
spine), kyphosis (increased curvature of the thoracic spine) or hyperlordosis (increased 
curvature of the lumbar spine) (Dabney et al 1997). Little has been known about the 
natural history of scoliosis, but recent studies have been performed in order to identify 
prevalence and prognosis. The prevalence of spinal deformity has been found at 10% 
for all children and adults with cerebral palsy, but as high as 75% of adults with severe 
cerebral palsy (Madigan and Wallace 198 1, Majd et al 1997, Saito et al 1998, Williamson 
2003). 
Scoliosis in children with cerebral palsy continues to progress into adulthood 
(Williamson 2003). In one study, scoliosis usually started before the age of 10 years 
and progressed rapidly during the adolescent growth period, and even after growth had 
ended, continuous progression of the deformity was seen (Miller et al 1996, Saito et al 
1998). Scoliosis of the spine is of concern in this population because it often causes 
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additional motor dysfunction, pain, loss of ambulation, difficulty with upright seating or 
positioning, compromised pulmonary function and increased nursing demands 
(Ferguson and Allen 1988, Hart and McDonald 1998, Huang and Lenke 2001, Majd et al 
1997, Saito et al 1998). The pulmonary compromise is particularly concerning when it 
has been reported that 59% of deaths in children and young adults with cerebral palsy 
occur due to pulmonary disease (Blair et al 2001, Liptak et al 2001). In a study of 56 
adults with severe cerebral palsy Majd et al (1997) showed a correlation between an 
increase in scoliosis, functional decline and the development of pressure areas and sores, 
which will effect comfort and quality of life. 
The treatment for children with scoliosis involves bracing the spinal curve, 
accommodating to the spinal curve in moulded seating and spinal surgery. Commonly, a 
plastic brace or spinal orthosis is used to slow the progression of the scoliosis; however 
there is no evidence that spinal bracing prevents curve progression. However, the 
spinal orthoses have been shown to improve physical functioning in terms of head 
control., hand use and sitting balance (Jevsevar and Karlin 1993, Miller et al 1996, Rang 
et al 198 1, Thomson and Banta 2003). 
Surgery to correct the spinal curvature in children with cerebral palsy is controversial. 
Some authors question the benefit of scoliosis surgery for persons with cerebral palsy, 
due to their perceived low functioning and increased rate of morbidity (Askin et al 
1997, Banta et al 1998, Cassidy et al 1994), while others have noted that a child with 
untreated scoliosis can have progression of deformity and deterioration in function and 
therefore surgery should be undertaken (Banta et al 1998). There has been reported a 
high complication rate when undertaking spinal surgery and children with cerebral palsy 
(Comstock et al 1998, Del Beccaro et al 1991, Drvaric et al 1987, Thomson and Banta 
2003). One study showed that in a study of III participants with neuromuscular disease 
the complication rate was 44.1 %. They found that the rate of complications was greater 
in people with cerebral palsy, as well as those with curve magnitude of greater than 100 
degrees, and these tended to coincide (Sarwahi et al 2001). 
3.3 Hip Dislocation 
There is a consensus that hip displacement is a complication of cerebral palsy. This is 
due to spasticity, muscle contracture and impaired range of motion and hip displacement 
is most prevalent in the group of children who do not walk (Brunner et al 1997, Hoffer 
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1986, Kuno et al 1998). Displacement is divided into subluxation or dislocation. 
Typically hip displacement is measured in migration of the head of the femur away from 
the acetabulum, and divided into subluxation (typically >33% migration) and hip 
dislocation (typically >80% migration) (Cooperman et al 1987, Eklof et al 1988, Parrott 
et al 2002,, Pountney et al 2002, Scrutton et al 2001). 
Children with cerebral palsy who do not walk before the age of 5 have been shown to 
have a 58% chance of hip dislocation (Scrutton and Baird 1997, Spencer 1999). The 
prevalence of hip displacement (subluxation or dislocation) varies from 2.6% to 45%, 
with higher rates (up to 75%) in more severely involved patients with spastic 
quadriplegia (Knapp and Cortes 2002, Lonstein and Beck 1986, Noonan et al 
2000, Pritchett 1990, Root et al 1995, Sherk et al 1983). Prevention and early treatment 
has been suggested as the 'best option' for management (Knapp and Cortes 2002). 
Treatment involves a variety of therapeutic, medical and surgical techniques. It has 
been suggested that positioning a child for 24 hours a day can prevent hip dislocation 
(Pountney et al 2002). Recently the role of new medicines such as botulinum toxin has 
been used in conjunction with physiotherapy to reduce limb spasticity and reduce the 
risk of dislocation (Flett 2003). Orthopaedic surgery has been performed both to reduce 
the incidence of the hip dislocating in the first place by soft tissue surgery (Abel et al 
2003,131ack and Griffin 1997, Lespargot et al 1994, Letts et al 1984, Turker and Lee 
2000), or by rebuilding the hip joint (Ackerly et al 2003,13runner and Baumann 
1994., Flynn and Miller 2002, Hemdon et al Noonan et al 2000). Obviously this is a 
major undertaking and a risk, so management by non-surgical means is preferred. 
For the child who is able to walk, hip displacement can reduce or prevent their 
independent walking (Scrutton 1989, Turker and Lee 2000). But for the person with 
cerebral palsy who is non-ambulant, hip dislocation causes difficulties with perineal 
hygiene, instability in sitting leading to increase in deformity and pain (Cooke et al 
1989, Flynn and Miller 2002, Hodgkinson et al 2003, Knapp and Cortes 2002, Noonan et 
al 2000). It is unclear how many dislocated hips cause pain, but figures include 29% 
(Knapp and Cortes 2002), 50% (Cooperman et al 1987) and 38% (Pritchett 1990) of 
children and adults with cerebral palsy experience hip pain. In one study caregivers of 
adults with cerebral palsy, revealed that their perception of pain from dislocated hips 
was judged to be tolerable in 35.6% of people (Hodgkinson et al 2003). 
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3.4 Relationship between scoliosis, hip displacement and pelvic obliquity 
Some authors suggest that hip dislocation is caused by pelvic obliquity (Black and 
Griffin 1997), but others hold the alternate view that muscle imbalance around the hip 
and not pelvic obliquity is the cause of hip subluxation or dislocation (Lonstein and 
Beck 1986). Pelvic obliquity has also been correlated with degree of scoliosis (Letts et 
al 1984, Madigan and Wallace 1981, Terjesen et al 2000). However whether the pelvic 
obliquity occurred first and was the cause of the scoliosis or whether the opposite was 
true cannot be determined, and whether that also has an effect on hip dislocation cannot 
be determined (Lonstein and Beck 1986, ter Haar 1999). 
It appears that there is a complex relationship between the increasing pelvic obliquity 
and hip displacement and scoliosis, which commonly co-exist. There is no consensus as 
to causality, however it is important to note that people with cerebral palsy with severe 
pelvic obliquity also have an increased likelihood of the development of pressure sores, 
which are difficult to treat (Williamson 2003). It is important that people dealing with 
seating are aware of the pelvis/hip/spine complex, as their involvement is a further 
complication. 
3.5 Other common musculoskeletal difficulties and risk factors 
The deformity that occurs in children with cerebral palsy is not confined to the hips and 
spine, but can occur throughout the whole body. Contractures can occur throughout the 
lower limb at the hamstrings, making it difficult to sit in a seat, without the shortened 
muscles pulling the child forward. Similarly, further contractions of muscles in the 
knees, ankles and feet imply mean that children do not have a satisfactory base of 
support (Abel et al 1994, Black and Griffin 1997,13runner et al 1997, Comell 1995, Pope 
1996, Tredwell and Roxborough 1991b). Contractures of the upper limbs are also 
common, and these have an effect on upper limb function (Knox 2003, Lai et al 
1988, Nicholson et al 2001). It is important to note these contractures, because 
development of musculoskeletal deformities can often be accompanied by pain 
(GudJonsdottir and Stemmons Mercer 1997). Furthermore, development and 
independence can be compromised - for example access to a joystick when driving a 
wheelchair or being able to self propel in a wheelchair is complicated by upper limb 
contracture. 
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Further complications appear to occur in the form of decreased bone density, and an 
accompanying increased risk of fracture (Gudjonsdottir and Stemmons Mercer 
1997, King et al 2003). This is a consideration for the seating therapist, as placing forces 
on bones through seating may place extra stress on already fragile bones. 
Finally, children with severe cerebral palsy are at an increased risk of skin breakdown 
leading to pressure sores. There are a number of predisposing factors to risk of 
developing pressure sores or ulcers. These factors can be defined as internal and 
external. Internally, these children are bony and undernourished, and are often unable to 
move unaided, and often incontinent. Externally, children tend to use their seating 
systems for long periods of time (Sims and McDonald 2003, Swain and Bader 2002). 
However, further factors - such as pressure sores that develop where the pelvis and ribs 
rub together are not only painful but also difficult to treat (Williamson 2003). 
3.6 Anthropometric Differences and Nutrition 
Many children with cerebral palsy have feeding difficulties due to abnormalities in oral 
motor skills and poor co-ordination of swallowing. It has been suggested that for 
children with severe cerebral palsy, feeding can take up to 7 hours per day and 15 times 
longer than neurologically normal children. Furthermore, even though eating takes 
longer, the children have been shown to not receive enough nourishment and may fail to 
thrive (Gisel and Patrick 1988, Griggs et al 1989johnson and Deits 1985jones 
1989, Matthiesen et al 1989, Morris and Klein 1987, Shapiro et al 1986, Stallings et al 
1995). 
Studies have shown that the pattern of growth in children with quadriplegic cerebral 
palsy falls progressively behind in stature and weight compared to the accepted growth 
and developmental norms (Krick et al 1996, Stallings et al 1995). Anthropornetric data 
has been shown to be different to the typically developing population, but tools for 
measurement and analysis have been sporadically developed and not standardised or 
tested on a wide enough population to use with confidence (Hobson and Molenbroek 
1990), although it has been suggested that upper-arm length, tibial length and knee 
height are reliable and valid proxies for stature in children with cerebral palsy up to 12 
years of age (Stevenson 1995). 
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In a recent study of 657 children with all types and distribution of cerebral palsy were 
classified for severity of cerebral palsy (classified using the Gross Motor Functional 
Classification System) and functional impairment (assessed using the Gross Motor 
Function Measure). The results were classified into 5 distinct motor development 
curves, which describe important and significant differences in the rates and limits of 
gross motor development among children with cerebral palsy by severity. This is 
important about prognosis for outcome, and perhaps the same sort of classification 
would be useful when looking at developing anthropornetric measures (Rosenbaum et al 
2002). 
3.7 Normal Sitting 
The sitting position is important as a basis for function, relaxation, working or 
socialising. Reid and Rigby (1996) state that 'the most universal physical activity of 
human beings is sitting and searching for stability' (p147). The ability to sit and be 
stable in a person without disability or impairment comes from the underlying structural 
stability of the musculoskeletal system, in conjunction with the body's biomechanical 
alignment system, neurological and vestibular systems (Green and Nelham 1991, Mandal 
1981,, Mandal 1984,, Tredwell and Roxborough 1991b, Zacharkow 1988). 
Independence in sitting typically develops at around 6-9 months of age and most 
children who will be independent in walking are independently sitting before 2 years of 
age (Bledsoe and Shepherd 1982, Campos da Paz et al 1994). Stable sitting requires a 
stable base of support, through the pelvis and lower limbs, as well as stability 
throughout the trunk and upper body (Burgman 1994, Green and Nelham 199 1, Hulme et 
al 1987, Motlock 1977, Tredwell and Roxborough 1991b). 
If a stable base is required for functional sitting, it is important to look at the stability of 
the pelvis in a seated position. Figure 1.3 illustrates the different positions of the pelvis 
in the saggital view (from the side). Whilst the pelvis shows anterior or forward tilt in 
the standing position, it seems that it is natural for the pelvis to exhibit a backwards or 
posterior tilt in sitting. It appears there is a greater potential for pelvic instability than in 
standing, due in part to the rounded shape of the ischial tuberosities which have been 
likened to a rocking chair (figure 1.4) (Mandal 1981, Reid and Rigby 1996a, Zacharkow 
1988). Furthermore, when sitting, the hip joints are in the mid position and cannot be 
passively locked to the thighs, which occurs in standing (Reid and Rigby 
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1996a, Zacharkow 1988). Theoretically then, the pelvis is in an inherently unstable 
position when sitting with both femurs pointing forward and straight. Therefore 
muscular activity through the trunk and pelvis is necessary in order to stabilise the trunk 
over the thighs unless external stabilisers (i. e. the back of a chair) are available 
(Burgman 1994, Sochaniwskyj et al 1991, Tredwell and Roxborough 1991a, Tredwell and 
Roxborough 1991b). 
'Normal sitting' assumes that the user will sit with a 90' flexion of the hip and a slight 
curve in the lumbar region of the back (Mandal 1984, Mulcahy et al 1988). There is 
literature to support this posture in normal adults doing sedentary work (Grandjean 
1980, Tayyari and Smith 1997, Trew and Everett 1997). However, some authors have 
examined seating in school-aged children, and found that this position is difficult to 
achieve when working at schoolwork (Mandal 1984). It has been suggested that 
alternatives are used, such as tipping the seat down at the front (anterior tilt), supporting 
the knees and raising table height. Many authors have suggested that this might be a 
useful sitting position to improve functioning for children with cerebral palsy (Nwaobi 
1987, Pope et al 1994, Seeger et al 1984). 
Figure 1.3: Difference between standing and sitting positions of the pelvis (taken from Mandal, 
1981/84). Pelvis A shows the pelvis in standing, exhibiting anterior or forwards tilt, and the 
femoral head locked into the acetabulum. Pelvis B illustrates the posterior tilted pelvis, typical of 
a 'normal' sitting position, with the hip joints in the mid position(Mandal 1981). 
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Figure 1.4: The ischial tuberosities can act like a rocking chair (Taken from Reid and Rigby, 
1996a) 
Seating theory for children with cerebral palsy is often based on the assumptions of 
Branton's (1966) theory of postural instability. This theory maintains that if any person 
is not adequately stabilised in their position then they will spontaneously search for 
ways to become more stable - by leaning against the backrest, crossing their legs or 
leaning on their desk, which is detrimental to the 'ideal' position. For the individual with 
neurological impairment, the theory is that if a seat fails to give them stability they will 
choose positions to hunt for stability, further increasing the risk of them developing 
secondary deformity (Pountney and Goldwyn 2003, Reid 1996, Reid and Rigby 
1996b, Zacharkow 1988). 
There is agreement that postural stabilisation is a vital prerequisite to the establishment 
of a functional sitting posture. Children and adults without disability have the postural 
ability to compensate for the inadequacies of the seat that they need to use. However, 
children with cerebral palsy lack not only postural stability, but the ability to adjust 
physically to their surroundings and their seating should reflect that. The seating should 
attempt to compensate for the lack of postural stability whilst also enhancing the 
functional and postural ability of the individual (Bergen et al 1990, Carlson et al 
1986, Myhr and von-Wendt 1990, Neilson et al 2001, Reid and Rigby 1996a, Tredwell 
and Roxborough 1991a, Working Party Report of the British Society of Rehabilitation 
Medicine 1995). 
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3.8 The mechanics of normal sitting 
The adaptive seating system investigated in this research project is based on 
biornechanical principles. Therefore it is appropriate to briefly review the 
understanding of 'normal' seated mechanics. Firstly, any body seeks to attain 
I equilibrium'. Equilibrium refers to the balance of all force actions (Nicol 1997). 
Stability in a seated position only occurs if there is equilibrium, that is a balance of 
forces and moments in all planes of movement (Letts 1991). A stable position is 
therefore one from which the individual feels secure and can move for functional 
movements whilst returning to equilibrium following movement (Green and Nelham 
1991, Pountney and Goldwyn 2003, Sochaniwskyj et al 1991, Tredwell and Roxborough 
1991b). Figure 1.5 illustrates a body sitting in an orthogonal system where all forces 
and moments in 3 planes (saggital, coronal and horizontal) are balanced. 
Figure 1.5: Taken from Letts (1991) - example of stable or static equilibrium when all forces and 
moments in all planes are balanced. 
The ideal seating position from which an adult is stable and ready for occupation is one 
in which the backrest is reclined by 10-200 in order to reduce the loading on the discs of 
the spine, which is a feature of upright sitting. The entire spine should be supported via 
a backrest with a slight backward inclination from the perpendicular (that is hips 
extended past the 900 position). In addition, the pelvis should be in the neutral position, 
with the weight of the thighs fully supported by the seat. The upper thighs add to the 
lower leg vertical and fully supported. The feet transfer the weight of the legs to the tn 
supporting surface of the floor. Upper extremities should have elbows supported, and 
head should be in midline with eyes facing forward (Grandjean 1980, Kumar 1997, Letts 
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199 I, Perr 1998, Tayyarl and Smith 1997, Trew and Everett 1997) . This position is 
illustrated in figure 1.6. 
Figure 1.6 : Showing position of the body in an ideal sitting position - (A) Showing the body from 
the posterior view in a coronal plane. (B) Shows body from the side in a sagittal plane. WHAT = 
weight of head, arms & trunk. The body is in the 'ideal' stable sedentary support, with feet and 
thighs fully supported, pelvis stable and even, back reclined 10-200, with arms fully supported. 
3.9 Sitting and children with cerebral palsy 
Seating for children with cerebral palsy is an area of controversy, based on differing 
theories as to how best to manage complex disability. The difficulties associated with 
body functions and structure are presented here as a basis for discussion of what action 
therapists and those involved in seating take to remedy these situations. Scoliosis and 
hip dislocation have already been described in detail; therefore only the effect they have 
on seating for children with cerebral palsy will be discussed here. 
In order to study the achievement of sitting in children with cerebral palsy, other studies 
from the locomotor literature are examined. For example, achievement of head balance 
by 9 months of age and sitting by the age of 24 months were good prognoses for 
walking in one retrospective study of 272 patients (Campos da Paz et al 1994). 
Consequently then, children who did not sit by the age of 24 months - the population of 
children who tended to have severe spastic quadriplegic type of cerebral palsy, not only 
had a poor outcome for walking, but also of independent sitting (Campos da Paz et al 
1994, Molnar 1979). One of the predictors for independent sitting appears to be trunk 
control. For children with cerebral palsy, even if spasticity of the limbs is present, the 
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trunk may present as hypotonic. In the upright sitting position therefore, the thoracic 
column becomes kyphotic and the cervical spine lordotic (Bobath and Bobath 1975), 
(Lamert and Ekberg 1995). 
Figure 1.7 is a free body diagram of the 'normal' sitting position for children with 
cerebral palsy, as advocated as correct by a variety of authors (Abel et al 2003, Bell and 
Watson 1985, Carlson et al 1986, Cogher et al 1993, Mandal 198 1, Mulcahy and Pountney 
1986, Myhr and von-Wendt 1991, Pountney et al 1990, Pountney et al 2002). Unlike the 
adult literature, where it is recommended that the spine is fully supported and reclined, 
for children with cerebral palsy an upright position is advocated. Theory concentrates 
on the pelvis as the key to stable sitting with the understanding that a stable base of 
support is essential for development of upright sitting, important for function and 
development (Green and Nelham 1991, Pope et al 1994, Reid and Rigby 1996a). 
Because the key to stable seating in children with cerebral palsy is thought to be at the 
pelvis, this discussion will now explore the four most common difficulties affecting the 
pelvis (Tredwell and Roxborough 1991b). 
Centre of Gravity/ 
Mass of the Trunk, Arms 
and Head or thigh 
Figure 1.7: Free body diagram representation of the ideal sitting position for children with cerebral 
palsy. Unlike adults, 10-20' of recline is not recommended, as the theory is that if children are well 
supported they will then develop trunk control. The centre of gravity goes approximately through 
the centre of the ischial tuberosities. 
Posterior Pelvic Tilt/Pelvic backwards tilt - also known as sacral sitting (figure 1.8). 
This is one of the most commonly reported difficulties in this population of children 
(Mulcahy et al 1988, Pountney et al 2002). It can be caused by a number of reasons, 
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including spasticity of hip extensors, weakness of the lumbar extensors and abdominal 
muscles or hamstring contractures. Posterior tilt is the position that most children adopt 
as they learn to sit. It can be associated with a flattening of the lumbar lordosis, increase 
in thoracic kyphosis and hyperextension of the cervical spine (Letts 1991, Tredwell and 
Roxborough 1991b). Figure 1.8 shows a free body diagram representation of 
backwards-pelvic tilt. It is thought to be undesirable as it may increase the child's risk 
of pressure sores and inhibit the child's ability to develop an upright trunk posture 
(Green and Nelham 199 1). 
A-M., 
Centre of Gravity 
/Mass of head trunk and 
arms 
Figure 1.8: Free body diagram representation of posterior pelvic tilt, where the pelvis is tilted 
backwards, meaning that the centre of mass or gravity tends to be behind the level of the pelvis and 
the person weight bears through their sacral spine, or wherever they come into contact with their 
seat. This further leads to difficulties of the spine, such as flattening of the lumbar curve and 
increasing kyphosis at the thoracic spine in order to hold up the head. 
Pelvic anterior (forward) tilt (Figure 1-9) may be caused mainly by spasticity in the hip 
flexors, hip flexion contracture or weakness in the abdominal muscles (Tredwell and 
Roxborough 1991b). However, secondary problems such as increased lordosis of the 
lumbar spine, the child being pushed forward in the seat or excessive adduction of the 
hips may result. 
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trunk and arms or thigh 
Figure 1.9: Anterior pelvic tilt, where the centre of mass of trunk, arms and head is forward of the 
ischial tuberosities, thus increasing the tendency to further turn. It may result in compensatory 
difficulties throughout the spine. 
Pelvic obliquity (pelvis raised up on one side) is measured through the Anterior Superior 
Eiac Spine (ASIS) or Posterior Superior Elac Spine (PSIS) (Figure 1.10). This has been 
discussed previously in the context of hip dislocation and scoliosis, and has been shown 
to co-exist with hip dislocation and spinal scoliosis (Gudjonsdottir and Sternmons 
Mercer 1997, Huang and Lenke 2001, Kalen et al 1992, Knapp and Cortes 2002, Letts et 
al 1984, Lonstein and Beck 1986, Williamson 2003). Figure 1.10 shows a free body 
diagram example of pelvic obliquity, with the pelvis raised on the right hand side from 
the front and an associated scoliosis. 
Right Left 
Figure 1.10: Pelvic obliquity, pelvis raised on the right side as viewed from the front in a coronal 
plane. The diagram further illustrates a scoliosis of the spine, often associated with pelvic obliquity 
Pelvic Rotation involves the pelvis rotated around and asymmetrically and is thought to 
be caused by asymmetry of tone in hip adductors or abductors, associated with 
dislocation or subluxation of the hip (Abel et al 2003, Bower 1990, Gudjonsdottir and 
Sternmons Mercer 1997, Tredwell and Roxborough 1991b). This has been described as 
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the most common type of pelvic/hip involvement and is also described as a wind 
sweeping deformity (Abel et al 2003, Bower 1990, Letts et al 1984, Scrutton 1989) 
(Figure 1.11). 
Right 
I 
Left I 
Figure 1.11: View of the pelvis and femurs from above, showing pelvis rotated forward on the left 
side, with the left hip abducted and the right hip adducted and at risk of displacement. 
Theoretically, if the pelvis is stabilised in these four areas - anterior and posterior pelvic 
tilt, pelvic obliquity and pelvic rotation then fixed deformity will be prevented and a 
stable position as a basis of function will be achieved (Green and Nelham 
1991, Pountney et al 1990, Tredwell and Roxborough 1991a). However, there is no 
research evidence to support these theories. 
3.10 Seated function and children with cerebral palsy 
Functional problems are common in children with cerebral palsy. However these 
functional problems are poorly defined and measured. For example, Williamson 
(2003), suggests that for children with scoliosis, lack of function is caused by the loss of 
truncal balance, making them a 'functional quadriplegic', using their arms to prop 
themselves up. Morris (2002) states that 'Children with cerebral palsy are functionally 
limited to varying degrees because of their decreased central control and coordination of 
their movements'. In neither of these articles is there an objective measurement of 
'function'. 
Recently, assessments that have been developed to address the measurement of function 
include the Gross Motor Function Classification System (GMFC) and the Gross Motor 
Function Measure (GMFM) (Palisano et al 1997, Rosenbaum et al 2002, Wood and 
Rosenbaum ) that classify cerebral palsy itself into severity of motor disorder, and have 
been used to some effect. Other measures have been developed to measure functional 
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difficulties in children with cerebral palsy such as the Paediatric Evaluation of Disability 
Inventory (PEDI) (Haley et al 1998), but these assessments do not relate purely to 
function in seating. 
Seated function refers to tasks that a child would be expected to be able to perform 
independently in sitting - such as feeding and drawing (Bailey and DeFelice 1990, Fife et 
al 1991). It is assumed that stability is a pre-requisite to the development of seated 
function - which involves use of the hands, the ability to communicate and use vision to 
a maximal effect, operating a powered wheelchair and generally interacting with the 
environment if much of the day is spent in a seated position (Green and Nelham 
199 1, Hulme et al 1989, Myhr and von-Wendt 199 1). 
Function for children with cerebral palsy however, does not only relate to the ability to 
perform physical and developmental tasks, but also to quality of life and mental health - 
of both the child and their family. In one study, it was found that one group of children 
with cerebral palsy had poor physical health, but also poor psychosocial health. (Wake 
et al 2003). It is important to note this, and this will be highlighter further in this review 
when discussing participation and contextual factors. 
Severely disabled children who are deprived of early movement and opportunities to 
explore their environment independently, can show signs of frustration, reduced 
motivation and lack of confidence, which can result in 'learned helplessness' (Nisbet et 
al 1996). Independent mobility through powered mobility may limit this (Butler et al 
1983, Butler 1988, Douglas and Ryan 1987). One aspect of function for children with 
cerebral palsy should relate to the individual's ability to access powered mobility. 
3.11 Prognosis for Movement and Functional Abilities 
The prognosis of movement and functional abilities and has centred on the ability of the 
individual to develop independence, in particular independence in mobility. 
Correlations between learning difficulties, cognitive abilities, communication and 
degree of neurological difficulties have been cited as important predictors of 
independence (Becher 2002). 
Many studies have looked at prognosis for walking, and predictors for hip dislocation. 
For example, in one study, it was reported that children with cerebral palsy who do not 
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walk before the age of 5 years have a 58% chance of hip dislocation (Scrutton and Baird 
1997, Spencer 1999). Other studies have stated that preventing hip dislocation or 
functional activities such as pulling to stand are important to predict future functioning 
(Dobson et al 2002, Scrutton 1989). Some authors have looked at muscle action as 
predictors of future difficulties - such as hip dislocation caused by tightness of the 
adductor and iliopsoas muscles with associated weakness in the abductor muscles at the 
hip (Brunner and Baumann 1994, Kalen et al 1992). 
One recent study examined 72 adults with cerebral palsy for predictors of functioning by 
assessment and interview information and a review of case notes. They found that for 
adults who had been integrated into mainstream schools, literacy was developed and 
maintained, however, for most of the participants motor performance deteriorated into 
adulthood. Independent walking was either lost, or deteriorated in terms of distance 
(Bottos et al 2001). This is very important in terms of seating and positioning, because 
it is not only children who may become fully dependent on their seating systems. 
Treatment may be complex and long term and include therapy, special education, 
orthopaedic surgery and provision of appliances. Clearly having a diagnosis of cerebral 
palsy can affect many domains of functioning and its overall impact on individuals is 
likely to depend on complex constellations of functioning and impairment (Wake et al 
2003). 
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4. Activities 
4.1 General 
Children with a disability such as cerebral palsy have long term, complex and wide 
ranging needs, which may not be met by a single agency (Ball 1998). Therapy for 
children with cerebral palsy may be complex and long term, and involve a wide variety 
of agencies and personnel (Alderslea 1999, Morris 2002, Wake et al 2003). Adaptive 
seating systems in wheelchairs are supplied primarily by government funded wheelchair 
services, although some are supplied privately or through charitable funding (Staincliffe 
2003). Most wheelchair services in England follow guidelines for the eligibility of 
equipment, which state that wheelchairs or buggies are available to children who are 
permanently disabled and that their mobility is restricted after the age when a child 
without a disability would be walking. In most cases this is 3 years of age (Alderslea 
1999, Cox 2003). It has been stated that the key aim of the National Health Service 
(NHS) wheelchair service is to provide a comprehensive service to people who have 
long-term mobility problems, including the consideration of comfort, function, posture 
and pressure relief (Cox 2003, Ham et al 1998, Royal College of Physicians 1995). 
These are general and broad aims. For children, the ability to sit unsupported develops 
in the normal child at around 6-9 months of age as part of the sequence of motor 
development. This sequence involves the maturation of neurological postural reactions 
and changes in the biornechanics of the spine shoulder and pelvic girdles (Green and 
Nelham 199 1). The following discussion will explore the theory behind much 
therapeutic intervention on which adaptive seating systems are based. 
4.2 Treatment and therapy 
Occupational therapists use a variety of theories and frameworks to guide practice 
(Berry and Ryan 2002, Creek 2003). However, in the paediatric field, there is a lack of 
empirical evidence for the rationale for using one theoretical model over another 
(Brown and Rodger 2003). In addition, research in children with cerebral palsy is 
difficult (Hankinson and Morton 2002), and evidence for most treatment and therapy in 
the rationale for treatment of cerebral palsy remains poor (Butler et al 1992, Butler and 
Darrah 2001, Wiart and Darrah 2002). For example, lycra based splinting is a relatively 
new treatment, primarily used by occupational therapists, that has been introduced over 
the last 10 years as a useful treatment for children with cerebral palsy, and is rapidly 
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becoming an accepted treatment modality. However, the evidence for this remains 
poor, with statistically significant improvements found in only one half to one quarter of 
participants (Blair et al 1995, Nicholson et al 2001) or even fewer (Knox 2003). 
Treatments coming under scrutiny for children with cerebral palsy are not confined to 
occupational therapy or seating interventions. For example, orthotics are widely used in 
conjunction with other health interventions for children with cerebral palsy. In 1994 a 
consensus conference to discuss the level of evidence for orthotic intervention 
concluded that existing literature on the effects of orthotic intervention in cerebral palsy 
was fundamentally flawed (Condie and Meadows 1995). Morris (2002) suggests that 
this has not considerably improved. This is particularly relevant, as adaptive seating 
systems are often seen as extended orthotic devices (Green and Nelham 1991, Pope 
1996, Reid and Rigby 1996a, Tredwell and Roxborough 199 1 a). 
It has been suggested that the role of a seating system is to encourage a child's postural 
development along neurodevelopmental therapy principles (Bell 1987, Mulcahy et al 
1988). It has also been suggested that the seating system should complement the child's 
therapy regime (Green and Nelham 199 1, Mulcahy et al 1988, Pountney et al 2002). 
Literature has suggested that neurodevelopmental treatment (Bobath and Bobath 1975), 
trunk targeting (Butler 1998), early intervention and other techniques can improve 
postural control, but little evidence supports this (Barry 1996). Neurodevelopmental 
theory states that once abnormal reflexes have been inhibited, then the child will 
overcome their abnormal motor pattern (Bobath and Bobath 1975, Hopkins and Smith 
1993, Levitt 1995). However, in a systematic review, Butler and Darrah (2001) 
investigated neurodevelopmental (NDT) therapy and showed that the results did not 
confer any advantage to NDT over the alternatives to which it was compared. If there is 
little evidence to support an overall treatment theory, then it seems improbable that 
equipment developed partially along those principles will be entirely satisfactory. It 
appears that such therapy is based on theory, and evaluation has been mainly by a 
descriptive nature; thus there is a poor evidence base to justify the continued use of such 
techniques. 
Wiart and Darrah (2002) have recently identified a change in the paediatric 
rehabilitation philosophy to meet the needs of children with physical disabilities and 
46 
their families, rather than persisting with unproven treatment (Wiart and Darrah 2002). 
Therapists are encouraged to consider strategies to alter the task and the environment 
rather than focussing on changing the child. This adaptation is the essence of 
occupational therapy, where task analysis and adaptation is one of the key roles of the 
profession (Case-Smith et al. 1996, Clarke, 1985, Creek, 2003, Hopkins & Smith 1993). 
Furthermore, this attitude change is in line with the most recent version of the 
International Classification of Functioning, Disability and Health (ICF) (World Health 
Organisation (WHO) 2001), used as a model for this project. 
4.3 24 hour positioning 
Currently, 24 hour positioning for children with cerebral palsy is advocated as a 
philosophy by many rehabilitation therapists. As previously stated, children with 
cerebral palsy who cannot move themselves are at risk of developing deformities - 
particularly of the hip and spine (Bell 1987, Bell and Watson 1985, Pountney and 
Goldwyn 2003, Pountney et al 2002). The theory is that if the child's position is 
controlled for 24 hours per day then deformity will be prevented. This is termed 
postural management, and involves the '24 hour management' of an individual's posture, 
including therapy, equipment and other activities (Bower 1990, Pountney and Goldwyn 
2003). It has further been suggested that this type of control for managing posture 
should start from 2 or 3 months of age (Bell and Watson 1985). 
24 hour positioning involves the use of night positioning equipment. In a recent study 
of night positioning systems, 14 children were recruited (Hankinson and Morton 2002). 
However of that 14,7 withdrew due to difficulties with sleeping in the system. Thus 
only 7 children (half) completed the study and maintained their previous amount of 
sleep. It is interesting that the authors report several positive results, even though there 
were none of statistical significance (Hankinson and Morton 2002). 
Recently, some evidence has been published to suggest that 24-hour positioning may 
help prevent hip dislocation in children with cerebral palsy (Pountney et al 2002). This 
group have been developing the principles of 24 hour positioning for 15 years, and 
examined children who use the Chailey Adaptaseat 2 (CAPS 2), the Chailey night lying 
board and the Chailey Standing Frame. They found that there was a significant 
difference (p< 0.05) between children using the CAPs systems and children not using 
these systems, and conclude that the 24 hour Chailey postural approach can reduce hip 
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dislocation in children with bilateral cerebral palsy (Pountney et al 2002). However, 
this was a non-controlled retrospective study. These apparent positive results must be 
considered within the context of the child and families life and functioning. 
4.4 Assessment of sitting and children with cerebral palsy 
In occupational therapy the key to intervention involves setting achievable, functional 
goals appropriate to the child's motor, functional and developmental level (Clarke and 
Allen 1985, Creek 2003). Although paediatric occupational therapists have a long history 
of using standardised test procedures with children in general paediatric practice, (Payne 
2002) this is not the case for children with cerebral palsy. Measurement of outcomes of 
adaptive seating has been hampered by the lack of objective standardised measures to 
evaluate the techniques used (Reddihough et al 199 1, Rosenbaum 1998). 
The assessment procedure is further hampered because of poor clarity about what is 
being measured when looking at adaptive seating. For example, when looking at 24 
hour positioning, the equipment itself was not critically assessed, but the results judged 
by evaluating radiological pictures of the hip joints for children with cerebral palsy 
(Pountney et al 2003, Pountney et al 2002). Other assessments have been devised to 
measure particular components important for seating such as the Goldsmith index of 
windswept deformity (Goldsmith et al 1992). Outcome measures which judge the 
functional effects of seating such as hand and upper extremity function, or predictors for 
future development have also been described as a means of deciding whether adaptive 
seating is successful (DeMatteo et al 1993, Folio and Fewell 1983, Hanna et al 2003). 
The idea of 'successful' adaptive seating systems has further been explored through the 
use of standard questionnaires such as the Child Health Questionnaire, in order to judge 
whether an outcome is successful (Schneider et al 2001), or program evaluation tools to 
judge satisfaction with a seating clinic intervention (McComas et al 1995). Some 
authors have measured function secondary to positioning, to decide whether seating is 
effective or not (Hulme et al 1989, Lamert and Ekberg 1995, McClenaghan et al 
1992, Steenbergen et al 1998). Other authors have tried to find objective measurements 
of seating by using video camera (Myhr et al 1993, Myhr et al 1995, Myhr and von- 
Wendt 199 1). Unfortunately none have been found to be wholly reliable. 
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One group of researchers have suggested that a battery of assessments, including quality 
of life measurement (the Time Trade Off Tool), video measurement of postural 
alignment and function, and a user/carer questionnaire of satisfaction is a more 
satisfactory way to judge efficacy of seating intervention than one test or parameter 
alone. Furthermore, this can set a baseline for further research. The authors found that 
for nine profoundly disabled adults and their carers that improvements were seen in 
sitting posture, feeding behaviour and quality of life for seat users, but not for carers 
(Neilson et al 2001). 
Other sitting assessment scales have been developed, which classify children into 
different levels according to how they sit. For example the Chailey levels (Mulcahy et 
al 1988), and the Level of Sitting Scales (Fife et al 1991) both place children on how 
well children can sit - from the lowest level (unable to sit unsupported) to the highest 
(sits unaided, reaches and rebalances. The sitting assessment scale (SAS) is a 
standardised observational instrument of sitting in children with cerebral palsy from 
video film comprised of five items evaluating head, trunk and foot control and arm and 
hand function (Ekblom and Myhr 2002, Myhr et al 1993, Myhr and von-Wendt 1991). 
Reid (1995) developed and validated a similar clinical instrument to assess postural 
control in sitting in children with neuromotor dysfunction - The Sitting Assessment for 
Children with Neuromotor Dysfunction (SACND). The SACND videotapes children 
sitting still and performing and activity and codes them on a standard form (Reid 1995). 
The Seated Postural Control Measure (SPCM) (Fife et al 1991, Fife et al 1993), is an 
objective outcome measurement section that measures body angles and alignment away 
from a neutral position, and has been chosen as the postural outcome measurement tool 
for this research project, in order to use objective angular information in both statistical 
and biornechanical analyses. 
One recent interesting development is the development of international standards for 
defining body and seat measurements (International Organization for Standardization 
2003). The purpose of these standards is to harmonise definitions and terminology for 
communicating information about posture. Standard number 16840 is, at present in 
draft format, but seeks to specify standard terms to describe an individual's posture, 
using a three dimensional orthogonal geometric system as a framework for this 
description. This is a positive development, however the standards will need to be 
rigorously examined and researched. The standards are quite complex, and have been 
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developed on a mature skeletal system. Paediatric dimensions, and particularly those in 
children with neuromotor disabilities are different to adult skeleton in size and 
dimension, and this will need to be taken into account when using these standards 
(Hobson and Molenbroek 1990, Spender et al 1989, Stallings et al 1995, Stevenson et al 
1994, Stevenson 1995). 
4.5 Adaptive seating systems 
4.5.1 Purpose 
The purpose for providing adaptive seating is complex and varied. In this section, the 
purposes for providing adaptive seating systems will be examined for evidence of 
efficacy. 
Some authors assert that a seating system is an extended orthotic device, as it serves to 
support, align, prevent or correct deformities and improve the functions of body parts 
(Bergen et al 1990, Cook and Hussey 1995, Healy et al 1997). Some authors claim that a 
'good' adaptive seating system will reduce undesirable tone and reflexes, facilitate 
normal movement, maintain postural alignment, prevent tissue breakdown, decrease 
fatigue, enhance physiological function and maximise stability (Cook and Hussey 
1995, Fife et al 1991, Healy et al 1997, Mulcahy 1986, Myhr and von-Wendt 1990, Pope 
1996). Others suggest that if the correct adaptive seating is not attained, then 
complications such as pressure sores, abrasions, shearing and deformity as well as 
reduced function will occur (Perr 1998). 
For severely involved children with cerebral palsy, ease of care and comfort are 
important goals, in addition to the prevention of deformity. To the extent possible, 
therapy should prepare a child for independent adult life (Barry 1996). The 
enhancement of function is a primary goal as it affects the potential development of the 
child and the level of functional independence that the child is ultimately able to achieve 
(Jarvis 1985, Perr 1998, Tredwell and Roxborough 1991 a). 
Children's equipment needs to encourage the development of skills, and independence 
and at the same time to respond to growth and changes in body shape, in environment 
and treatment plans (Cox 2003). In addition, wheelchairs and seating need to be 
compatible with families needs and transport arrangements (Amsterdam 1999, Cox 
2003, White and Lemmer 1998). 
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4.5.2 Communication and Feeding 
It has been suggested that children communicate and eat better from a seated position 
(Nelham 1984, Williamson 2003). In a study of 8 nonverbal children with cerebral 
palsy, Hulme et all (1989) demonstrated that 7/8 showed an increase in the amount and 
6/8 in the diversity of speech sounds by providing an adaptive seating system versus no 
seating system. In a videofluroscopic recording study of 5 children with dystonic type 
of cerebral palsy, positioning in 30' of recline with a flexed neck position in an adaptive 
seating system caused aspiration to decrease in five children, oral leak diminished in 
two children and retention improved in one child (Larnert and Ekberg 1995). In a further 
study, improvement in feeding independence was also seen for children after receiving 
an adaptive seating system (Hulme et al 1989). These studies are small and non- 
controlled, but have attempted to directly measure the seating intervention. 
4.5.3 Seat inclination 
'The primary reason that the cerebral palsy seating systems are different from all others 
is that people with cerebral palsy do not perceive reclining postures as positions of 
relaxation. They also need special positioning for reflex pattern inhibition and 
maximum functioning of the upper limbs' (Motlock 1977). From Motlock in 1977 to 
the present day, seat inclination is an area of little agreement in the literature. Several 
authors suggest that children with cerebral palsy make use of gravity in a backwards 
tilting seat (Kohn et al 1983, Lamert and Ekberg 1995), (Nwaobi and Smith 1986). 
By contrast, other authors suggest that an anterior tilt is desirable. Seeger et al (1994) 
studied 6 adults with cerebral palsy and 6 adults without cerebral palsy in order to assess 
the effect of seat inclination on upper extremity function. No significant differences 
could be attributed to the seating positions, which has been confirmed by other authors 
(Myhr and von-Wendt 1990, Seeger et al 1984). However Nwaobi (1987) and others 
found an improvement in upper limb function with anterior tilted seating (Nwaobi 
1987, Reid 1996, Reid and Sochaniwskyj 199 1). 
Pope et al (1994) evaluated an anterior tilted seat on 10 children with cerebral palsy over 
a3 year period, and measured symmetry, range of movement, postural ability (Chailey 
sitting ability scales), mobility, activities of daily living and time spent in the seat. The 
results were inconclusive but the children who appeared to benefit most were those who 
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spent the most time in anterior tilted seat and who were intellectually able, suggesting iý 
that the results may not have to do with seat inclination, but innate skills of the children. 
Furthermore, some of the children showed a negative response - such as increase in 
drooling, which must also be considered (Pope et al 1994). 
A further view is that 'upright sitting' is the key to function - with or without pelvic 
symmetry (Cogher et al 1993, Green and Nelham 1991, Hulme et al 1989, Mulcahy et al 
1988). Other authors suggest that there is no consistent change in function dependent on 
seat inclination, and that it is dependent on the individual (Bergen et al 
1990, McClenaghan et al 1992). Investigation is hampered by a lack of clear definition 
of function, postural alignment and the heterogeneous population of children with 
cerebral palsy. 
4.5.4 Comfort and Postural Alignment 
One way of preventing postural deformity in seating is thought to be postural alignment. 
However, comfort is rarely discussed in the literature. It has been suggested that if a 
seat is not comfortable it is unlikely to be used (Perr 1998). Pain et al (1996) 
investigated comfortable, but supportive adaptive seating system as an alternative to 
highly supportive wheelchair seating, in order to see if the seating systems could attain 
comfort and postural alignment. 29 children tried 5 different chairs for up to 30 minutes 
at a time. Unfortunately, the measures of postural alignment were found to be 
unreliable, but information from parent questionnaires indicated which positions the 
children were most comfortable in. ) together with children 's tolerance of the different 
systems. The purpose of the study was to compare the comfort of easy chairs, but the 
unreliable results meant that discrimination between the chairs improvement in postural 
alignment could not be made. However, parental reporting showed that some of the 
chairs offer improved support and were comfortable for their children, compared with 
the minimal support provided in the assessment process (Pain et al 1996). 
4.5.5 Individual Seating Components 
Thus far, this discussion has centred on discussion of complete adaptive seating 
systems, but a number of publications have related to components of seating in order to 
improve efficacy and success in seating systems. Seeger (1984) noted that a stable trunk 
is essential for controlled movements of the lower and upper limbs (Seeger et al 1984). 
Many authors have suggested that improved trunk support provides better head/neck 
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control and allows better use of upper extremities (Letts et al 1992, McMaster and 
Clayton 1980, Terjesen et al 2000). 
With supporting the trunk in mind, anterior trunk supports are used to support the trunks 
of children with cerebral palsy. One study looked at 4 different anterior trunk supports 
with 17 children with cerebral palsy and functional outcome. No statistically significant 
differences were found between the four groups measured on repeated measures 
analysis of variance on 17 children and functional outcome. The authors conclude that 
the choice of anterior trunk supports for this population should be based on client 
preferences, ease of removal for the caregiver, cost and aesthetics (Trefler and Angelo 
1997). 
Some authors suggest that a rigid/semi rigid bar below the Anterior Sacro-Iliac Spine 
(ASIS), or a firmly placed lap belt is the key to stability and function, but these have not 
been objectively investigated (Bergen et al 1990, Tredwell and Roxborough 1991b). 
One study compared the effect of a rigid pelvic stabiliser (a device fitted to the 
wheelchair) with a traditional lap belt (belt across the lap). The study was completed on 
6 participants, and the outcome measurement was amount of caregiver assistance rated 
by the parents, and a log kept by the parents to record how many times the child was 
repositioned per day. The results suggested that the rigid pelvic stabiliser appeared to 
reduce caregiver assistance by 30% compared to the lap belt. Although the study was 
small (n=6) and the measures subjective, it adds an interesting development to the 
efficacy of adaptive seating systems - the need for caregiver support. Unfortunately 
though, it is not enough evidence to support using one seating component over another. 
4.5.6 Preventing deformities 
Even in the area of prevention of deformity there is little agreement in the literature. 
Conventional therapy places an emphasis on maintaining a symmetrical pelvic posture 
(Cogher et al 1993, Green and Nelham 1991). Several authors however have disagreed 
and suggested that slight asymmetry in rotation and obliquity of the pelvis may be 
allowed to achieve acceptable head and trunk alignment (Bergen et al 1990, Reid and 
Rigby 1996a, Rigby et al 200 1, Tredwell and Roxborough 199 1 b). 
Many authors agree that prevention and containment of deformities are a fundamental 
goal of wheelchair seating for this population (Carlson et al 1986, Perr 1998, Renshaw 
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1996, Terjesen et a/ 2000). Seating is often used in conjunction with spinal bracing in 
order to improve sitting balance. Improved trunk support provides better head/neck 
control and allows better use of upper extremities (Letts et al 1992, McMaster and 
Clayton 1980, Terjesen et al 2000). The efficacy of adaptive seating in providing trunk 
fixation or reduction of spinal deformities remains questionable (Sochaniwskyj et al 
1991). 
5. An exploration of the sacral pad and kneeblock system -a seating 
system developed using biomechanical and neurodevelopmental 
principles. 
This research project investigates a type of seating system developed along 
biomechanical principles, Within a neurodevelopmental ftamework, commonly used in 
the United Kingdom. These seating systems use a sacral pad and kneeblock 
arrangement to control the pelvis and lower limbs, and give the child a stable base ftom 
which to develop sitting (Green and Nelham 199 1, Mulcahy 1986, Mulcahy et al 
1988, Mulcahy and Pountney 1986, Pountney et al 1990). Two examples are shown in 
figures 1.12 and 1.13. 
-n4 
Ilk 
AT 
Figure 1.12 and Figure 1.13: Two examples of adaptive seating systems that use kneeblock and 
sacral pad to control the pelvis. 
Kneeblocks themselves were first described in 1978 to prevent pelvic rotation and hip 
adduction leading to dislocation of the hip in a horizontal plane (figure 1.14) (Scrutton 
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1978), also known as 'windsweeping' (Letts et al 1984). In this instance, the pelvis Is 
rotated forward on the same side as the abducted hip, and backward on the adducted hip. 
A force is pushed through the front of the femur, to rotate the pelvis backward and a 
counterforce is provided via the back of the chair. Then an abduction force is placed 
through the adducted leg with a counterforce provided by a lateral hip pad (figure 1.14) 
(Bergen et al 1990, Cogher et al 1993, Green and Nelham 1991, Mulcahy et al 
1988, Scrutton 1978). 
In 1986, a further use for kneeblocks was suggested to control sacral seating or posterior 
pelvic tilt (Mulcahy and Pountney 1986). Sacral sitting was felt to be undesirable for 
two reasons - firstly, there is an increased risk of development of pressure sores through 
the bony sacrum. The second reason relates to normal development - normal children 
develop sitting from an upright posture (Mulcahy 1986, Mulcahy et al 1988, Pountney et 
al 1990). Therefore the solution was to provide an upright sitting posture, with a well- 
controlled stable pelvis (Green and Nelham 199 1). 
Figure 1.14: Use of kneeblocks; to prevent hip dislocation in the adducted hip, taken from Green & 
Nelham(1991). This is a view of the pelvis from above, with the pelvis on the left uncorrected and 
the pelvis on the right showing the pelvis in the kneeblock system. 
The child sits on an orthogonal seat base, which consists of a ramped cushion in order 
that the femurs remain straight. In the saggittal plane, a sacral pad that extends no 
higher than lumbar vertabra 5 or sacral. vertabra I (L5/S 1) provides a force to push the Z15 
pelvis into a neutral position (figure 1.15, F 1). This is then maintained by an equal and 
opposite counterforce at the kneeblocks (figure 1.15, F2) (Green and Nelham 
1991, Mulcahy 1986, Mulcahy et al 1988, Mulcahy and Pountney 1986). This is 
illustrated in figure 1.15. 
55 
Centre of 
Gravity /Mass of head 
trunk and arms or thigh 
Figure 1.15: The action of the sacral pad and kneeblock action in the saggital plane - or viewed 
from the side. F1 represents the force from the sacral pad and F2 represents the counterforce from 
the kneeblock 
A pelvic strap should pull down and back at 450 to give an opposing force to the sacral 
pad. In addition to holding the pelvis in a neutral position, the sacral pad fills the gap 
between the pelvis and the lower part of the curved backrest, thus allowing an upright 
rest position for the trunk above it. Theoretically, it is necessary for the child to achieve 
a neutral pelvic position in order to develop an upright posture or a natural curvature of 
the spine. The lower half of the body is then stabilised so that the upper half can begin 
to act in a dissociated manner. Furthermore the seat must be upright. The theory is that 
normal infants develop sitting from a forward prop position, so to encourage normal 
development this position should be encouraged. In addition, it is stated that function is 
more difficult in a reclined position, and authors purport that children who are placed in 
the reclined position feel as if they are falling (Green and Nelham 1991, Mulcahy et al 
1988, Pountney et al 1990, Pountney et al 1999). In the coronal plane, the horizontal 
ischial support (seat base) facilitates symmetrical weight bearing through the ischial 
tuberosities and thus helps to resist pelvic obliquity (Green and Nelham 1991). This 
adaptive seating system is based on theory. It requires thorough investigation, which is 
the aim of this thesis. 
6. Participation 
Participation in seating has been divided in this review into two areas; participation of 
children themselves, and participation of parents and families in the process. 
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6.1 Children 
Children with severe cerebral palsy have been described as passive communicators 
(Pennington and McConachie 2001), and there is a wide range of abilities to 
communicate and participate in therapy and provision of seating equipment, due to 
cognitive difficulties and impairments (Badawi et al 1998, Lepage et al 1998, Mutch et al 
1992, Stanley et al 1993, Surveillance of Cerebral Palsy in Europe 2002). Furthermore, 
children with cerebral palsy frequently experience more failure, earlier in their lives, 
than their non-disabled peers, and do not develop the concept that they can control their 
environment. Consequently, these children may develop learned helplessness 
(Abramson et al 1978, Brinker and Lewis 1982, Swinth et al 1993). 
It has been reported that children with chronic physical disorders and their mothers are 
at increased risk for psychosocial adjustment and mental health than their peers (Cohen 
1999, Wallander and Varni 1998). Additionally, other children's attitudes toward their 
disabled peers have been shown to be negative, increasing the risk of social isolation 
(Rosenbaum et al 1986). It has further been claimed that children are discriminated 
against in the provision of mobility aids in the National Health Service Wheelchair 
services (Staincliffe 2003). 
However, when children can be interviewed to ascertain their views about therapy and 
equipment, the results are interesting. In a recent report of children interviewed about 
their attitudes to their communication aids, children reported that they found their 
augmentative communication systems useful, and would continue using them for this 
reason, even though they were seen as uncool (Clarke et al 2001). Further research 
concentrating on the views of children with cerebral palsy about their seating is 
important. The provision of technical aids can have a profound impact on the children 
and their functioning in the community, and on their abilities to respond and control the 
provision of future equipment (Trefler et al 1983). 
6.2 Families 
It has been established that mothers of children with disabilities experience increased 
stress, anxiety and depression than mothers of children who do not have disabilities 
(Miller et al 1992, Pelchat et al 1999, Roberts and Lawton 2001, Sloper and Turner 1993). 
Four themes have been identified as causes of increased stress; role conflict, financial 
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burden., increased care needs and lack of independence (Ratliffe et al 2002). A recent 
study was performed to assess the time costs of caring for a child with disabilities, and 
found that care needs significantly greater than those of non disabled children, and that 
these do not decrease with age (Curran et al. 2001). Furthermore, mothers of children 
with disabilities are unable to work outside the home due to this, and the family income 
is reduced when compared to peer families (Curran et al 2001, Roberts and Lawton 
2001, Sloper and Turner 1993). 
In a recent survey of occupational therapists working with children with special needs, 
survey respondents reported that working with parents, more than any other aspect of 
intervention, had the greatest impact on the progress of a child with disabilities (Hinjosa 
et al 2002). Jansen et al (2003) reviewed the literature on parental experience of 
participation in physical therapy programs for children with physical disabilities. The 
argument for involving parents involves improvement in the functioning of the child 
themselves through parental participation in carrying out therapy programs, and 
secondly, that the parent develops insight in to their child's abilities and impairments It 
is asserted that parents participating in therapy can become more adept at taking care of 
their child, leading to increase in parental confidence in their own competence, which in 
turn reduces parental stress (Jansen et al 2003), (Ketelaar et al 1998, Viscardis 1998). 
It appears that the relationship between parents and therapists is important. It has been 
stated that approximately 33% of the stressful situations that parents of children with 
disabilities experience involve health care professionals (Miller et al 1992). Some 
authors suggest that reviewing parental participation is important because there may be 
negative as well as positive effects of parental participation (Jansen et al 2003). 
However, it has also been suggested that parents feel increased stress by participating in 
therapy (Parette and Hourcade 1985). However, there is some evidence of a rift 
between families and their health care professionals, where parents may feel that they 
want more information than they feel the health professionals want to give them (Britton 
and Moore 2002). 
From the literature, it seems that it is important that families to participate and be 
involved in their child's therapy and equipment provision, and that the methods by 
which this occurs is important and not simple. The traditional 'professional as expert' 
role places the child and their parents in a subordinate and powerless position, and can 
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have a negative impact on child and family relationships (Dale 1996). Several factors 
are seen as important to good practice. Firstly, the relationship between the therapist 
and child/family is important. Secondly, the therapist should focus on the child and 
family functioning in the context of the family and not the child in isolation (Jansen et al 
2003). 
Dale (1996) suggests a model where parents and therapists work in partnership with 
each other, and provision for treatment or equipment are negotiated, recognising that 
parents and therapists have complementary but different expertise. The model involves 
full sharing of knowledge, skills and experience based on equality and equivalent 
expertise. It also forms a good basis for further research into effective practice of 
working with families (Dale 1996). 
6.3 Families and equipment 
Clinicians and parents/users often have differing perceptions of their child's equipment. 
Research on compliance and agreement has primarily been examined in terms of 
compliance with augmentative communication devices, because these expensive devices 
are often not used to maximum benefit (Hocking 1999, Ko et al 1998, Murphy et al 
1994). Other authors have found that failure to consider the opinions and preferences, 
as well as degree of confidence in the devices result in abandonment and rejection of 
assistive technology and mobility devices (Demers et al 1996, Hocking 1999, Scherer 
1994, Smith 1996, Trachtman 1994, Weiss et al 1999). White (1997) showed that there is 
a need for greater collaboration between therapists, carers and users of special seating 
systems. Greater collaboration or communication is likely to have an effect both on 
compliance in using the system as well as overall satisfaction with the service the family 
receives from their primary seating therapist (Pain et al. 2000, White 1997). 
However, there is a gap in the literature regarding a comparison between what parents 
and their therapists think about seating systems and how easy/difficult they are to use or 
how important various components are to each group, that this thesis will also address. 
7. Environmental and Personal Factors 
It is difficult to clearly distinguish environmental and personal factors from each other, 
particularly in children with cerebral palsy. Environmental factors have an effect on the 
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individual's development, and personal factors have an effect on the environment in 
which they operate. For example, as early as preschool children perceive peers with 
physical, communication and/or cognitive difficulties as different from themselves, and 
they use those differences to discriminate against their peers with disabilities (King et al 
1989). This is environmental, but has an influence on the children, because children 
who perceive themselves to be rejected are at risk for future academic failure, low self- 
esteem and problems in interpersonal relationships - which is personal (Beck et al 
2000, King et al 1989, Nicholson and Bonsall 2002). It has been reported that physically 
disabled individuals are often exposed to physical and interpersonal barriers, which 
decrease self-esteem and encourage learned helplessness (Avillion 1986). 
Provision of seating tends to concentrate on the child and their body functions and 
structures. Decisions on interventions for seating and mobility have traditionally been 
made in clinical settings, although the use of the systems is in a variety of environmental 
settings such as home, school and respite care (Palisano et al 2003, Palmer et al 
1988, Steinbok et al 1997). Decisions for seating and mobility have been made 
measuring what the child can do in a clinical setting, but not what the child needs to do 
in an everyday setting (Young et al 1996). 
Parent and carer needs also need to be addressed - on an environmental level, the carer 
will be responsible for transporting the system and also the care of the child and the 
seating system. The personal impact of cerebral palsy on individuals and their families 
is substantial. The child's physical, learning and medical difficulties exact emotional 
and financial costs on the families, which exist into adulthood. Withdrawal from 
neighbourly activities and ties is common, and time spent on care giving remains high 
throughout childhood, resulting in limitations to families' lifestyles (Wake et al 2003). 
Mothers of children with chronic disabilities experience higher levels of stress than 
other mothers (Blair et al 1994, Cant 1993,1nnocenti et al 1992, Smith et al 1993, Wake et 
al 2003). Furthermore mothers who care for a child with a disability are less likely to be 
in paid employment than their peers who do not have a disabled child, creating even 
more of a financial strain on many families (Curran et al 2001). 
Although parents of disabled children are at increased risk, it is important for the 
therapist involved with these families to consider what environmental and personal 
factors contribute to or reduce stress. It has been suggested that by discovering what 
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helps high functioning families to cope, health professionals can develop strategies and 
practices to help all families. Coping strategies reported in the literature include a 
variety of environmental and personal factors, such as family cooperation, social 
support, personal resources and access to information (Beckman 1991, Beckman-Bell 
198 1, Failla and Jones 199 1, Heaman 1995, Snowdon et al 1994, Taanila et al 2002). 
It has been recognised that parents want information, particularly when being given a 
piece of equipment such as a seating system. Professionals are the most common source 
of information, but a locally produced information booklet regarding the seating system 
would be useful to enable parents to fully manage, cooperate and negotiate the 'right' 
seat for their child (Pain 1999, Taanila et al 2002). Research has highlighted that 
families of disable children experience difficulty finding out about and accessing 
relevant sources (Beresford 1994, Mitchell and Sloper 2002, Noyes 1999, Sloper and 
Turner 1992). Parents desire a combination of personal guidance and good-quality 
information, to enhance their access to and use of services, and are important for 
empowering potential (Mitchell and Sloper 2002). 
The purpose of the seating system is to enhance a person's ability to function effectively 
and efficiently in their environment - which then fosters personal factors such as well- 
being, independence and self esteem. Ideally the wheelchair should enable the 
individual to overcome many of their environmental barriers (Ozer 1990). In a recent 
study of 24 adults with physical disability, sources of dissatisfaction with their 
wheelchairs included problems with environmental access, ease of use, maintenance, 
safety, transportation and comfort (Weiss et al 1999). It appears that environmental and 
personal factors are intertwined with seating and mobility devices, and that 
consideration of environmental and personal factors for children with cerebral palsy and 
their families requires further investigation. 
8. Summary, Aims and Objectives of the Project 
This literature review has looked at the health condition of cerebral palsy and the effects 
that cerebral palsy has on body functions and structure on children with cerebral palsy, 
including musculoskeletal deformity, and the effect of cerebral palsy on the seated 
position, including postural and functional difficulties. Activities which therapists 
undertake to alleviate difficulties with body functions and structure were then described, 
paying particular attention to the evidence to support therapy, and in particular adaptive 
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seating interventions. The purpose of providing seating systems is uncertain; prevention 
of deformity, enhancement and development of function, comfort, or a combination of 
these has been suggested. The activity section was completed by the description of an 
adaptive seating system that uses a sacral pad and kneeblock to control the pelvis, which 
is the seating system that has been investigated in this thesis. The participation of 
children and their families in the seating process was then examined and a model to 
work in partnership with families described. Finally environmental and personal factors 
were explored briefly, as both are intertwined to some extent with this population and 
their families. 
The aim of this thesis is to examine the acceptability and efficacy of a seating system for 
children with cerebral palsy using a seating system with a sacral pad and kneeblock. A 
mixed methodology design was used to examine the following hypotheses: 
1. Whether the opinions of parents and therapists of children with cerebral palsy differ. 
2. Whether the forces exerted through the kneeblock of children with cerebral palsy 
change following a period of removal of the kneeblocks. 
3. Whether the pressure exerted on the sacral pad by children with cerebral palsy 
changes following a period of removal of the kneeblocks. 
4. Whether postural alignment changes following kneeblock removal for children with 
cerebral palsy 
5. To determine whether force through the kneeblock is linearly related to pressure at 
the sacral pad. 
6. To determine whether force through the kneeblock is correlated to postural alignment. 
7. To establish children's individual postural configuration using theoretical 
biomechanical analysis. 
Each of these aims or hypotheses has been explored in detail throughout this 
dissertation. 
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Chapter 2: Introduction to the Methods 
Introduction 
This thesis is entitled 'Seating systems for children with cerebral Palsy: A study of 
acceptability and effectiveness'. In order to address this, a mixed-method evaluation 
study (Creswell 1994, Greene et al. 1989) has been undertaken in order to attempt to 
comprehensively examine the complex issue of an orthogonal seating systems using a 
sacral pad and kneeblock for a group of children with cerebral palsy. As discussed in 
the literature review, efficacy is a difficult concept to define in this instance. In this 
project, a number of different outcome measures as well as a case controlled trial have 
attempted to answer the questions of efficacy and acceptability. 
In order to address whether the kneeblock and sacral pad system are working together, a 
force measurement device has been developed to measure force applied to the child 
through the kneeblocks. This is an experimental device. At the sacral pad, a standard 
device to measure skin interface pressure has been used (the EPM-12, Talley Medical 
Group, Romsey, Hants, UK). Force and pressure are related, so in theory, if there is a 
correction of pelvic tilt and rotation, these two measurements should correlate. 
Secondly, the forces applied at the sacral pad and kneeblock should further improve 
posture. In order to measure this a tool of static postural alignment has been used. The 
Seated Postural Control Measure (SPCM) (Fife 1991, Roxborough et al. 1994) consists 
of two sections, shown in appendix 8. The first section measures static postural 
alignment in a seated position, with a predefined neutral or symmetrical, upright 
position. The closer an individual is able to sit to the neutral position is a measure of the 
efficacy of the seating system. Variation from neutral is measured by angular deviation 
away from the predefined neutral position. 
The second part of the SPCM is that of seated function, and the participants in this study 
have completed this also. The tool seeks to define seated function in 12 activities, 
ranging from those that require few developmental and physical skills to those that 
require considerable developmental and physical skill. 
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However, there is a further aspect to efficacy of the seating systems in the form of 
acceptability. In order for adaptive seating systems to be used, they need to be 
acceptable to parents, children and therapists. The belief that the seating system is 
improving children's posture, helping to prevent deformity and is improving the 
children's function and adaptation to their environment is key to whether parents and 
therapists will use the seating system. However, there are further aspects which will 
influence use of the seating system in both the short and the long term, many of which 
have to do with parents and families feelings about the seating system, and the ability to 
integrate the seating system and wheelchair base into their everyday lives. In this 
project, questionnaires to address the acceptability and manageability of the seating 
system have been developed for both parents and therapists. The questionnaires were 
based on clinical experience as well as a series of interviews with families and 
therapists. The purpose for developing questionnaires for parents and therapists is to be 
able to compare the two groups of people, and see how closely their thoughts and ideas 
are linked in this aspect of the children's care and management. 
In order to address the above, a6 visit case controlled trial was undertaken. The 
children were using a seating system that used a sacral pad and kneeblock arrangement 
to control the pelvis. Measurements of force, pressure, posture and function were taken 
at each of 6 visits. Prior to the 6 visit trial, the parents and therapists were each sent a 
questionnaire to complete and either send back to the researcher, or give to the 
researcher at the first visit. Visits I and 2 were lead in visits in order to negate the 
placebo effect of the children and families being involved in the research project. At 
visit 3 the kneeblocks were removed for a period, the purpose of which was to remove 
the effect of the sacral pad and kneeblock arrangement. At visit 4, the kneeblocks were 
replaced, and the seating system used as normal. Visits 5 and 6 were lead out visits, 
designed to see whether the intervention had longer-term effects or not. 
The following pages contain information about the recruitment process, the participants 
themselves and the methods employed to collect the data. However, each of the 
outcome measurement tools mentioned above had been developed individually, and 
therefore the development, pilot and execution for each of the tools will be discussed 
separately in the chapters to follow. 
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Recruitment 
The children were approached through their local physiotherapists or occupational 
therapists or at an appointment at the neurodisability service, where their local therapist 
would typically attend the appointment. Local therapists were initially approached 
through a flier (appendix 1, together with consent forms) asking whether they would be 
interested in taking part in a research project, along with a stamped self-addressed 
envelope. Those therapists who replied in the positive were then sent a letter outlining 
the purpose of the study including inclusion and exclusion criteria, a form asking the 
therapist to forward the names of families to approach and a stamped self-addressed 
envelope. For the children attending neurodisability service clinics, parents and 
therapists were approached at the same time and handed a flier, together with a stamped 
self-addressed envelope. Multi-Centre Research Ethic Committee approval was applied 
for in November 1999 and ethical approval gained in December 1999. Once the names 
of therapists who felt they would like to participate in the project were received, local 
research ethic committees (LREC's) were approached. 22 submissions were made to 
ethical committees and all gained. A list of approval with dates is shown in appendix 2. 
This approach gave a very low rate of therapy replies, and therefore the area of the study 
was extended, and recruitment information sent to paediatric occupational therapists, 
paediatric physiotherapists, child development centres and wheelchair services. Fliers 
and information about the research project was sent to the centres/services at least twice 
if they did not reply. Response to the recruitment was initially quite good with 76 
centres originally approached, and 36 requests for further information. Following 
receipt of further information, seven centres refused outright; several centres were 
without permanent staff and could not support such a project. Others felt that the 
research project was against their understanding of best clinical practice and refused on 
the grounds that they were concerned that once parents had removed their kneeblocks 
they would not want to replace them. 33 centres did not reply. Once the initial 
information had been sent, and the therapists had a follow up phone call, as well as 
consent forms and questionnaires to explain the research project in more detail 23 
centres/services then withdrew/refused or did not reply. 13 services/centres then put 
children's names forward for the project. The parents of the children were then sent a 
covering letter, parent information sheet, consent form, parent questionnaire and 
stamped self-addressed envelope to return the information. 37 out of 59 parents 
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approached consented to take part in the trial, with an end result of 33 children enrolled 
in the research project and 30 children completing at least part of the outcome 
measurements satisfactorily (Table 2.1). The number of children who finally took part 
in the project illustrates the difficulty with recruiting and completing research for 
children with complex disabilities (McConachie, 2002). 
Children Recruited 
Number of Participants 
n= 
Centres Approached Initially 76 
Requests for Further Information 36 
Centres Agreed 13 
Centres Refused/Did not Reply 23 
Parents Approached 59 
Parents Replied 41 
Parents Consented 37 
Number of Parents who returned Questionnaire 33 
Number of Therapists who returned 
Questionnaire 
33 
Matching Parent and Therapists who returned 
Questionnaire 
30 
Enrolled in trial 33 
Completed trial 30 
No reply 16 
Refused 3 
Withdrawn during trial/at first visit 3 
Withdrawn prior to trial 5 
Table 2.1: Information regarding recruitment of centres and families, and completion of trial 
Participants 
The participants were children with four limb cerebral palsy of either spastic or dystonic 
type. Table 2.2 surnmarises the characteristics of the participants. All the children were 
using a seating system that used a sacral pad and kneeblock as a part of the criteria for 
taking part in the study. In order to fix the kneeblock force measurement device, the 
seating system used a bracket to attach the kneeblock to the seat by an attachment used 
by a CAPS 2 seating system (Active Design, Birmingham, UK). This seating system 
was chosen as it is commonly used throughout the population of children with cerebral 
palsy in the South East of England. Children were recruited if they used the above 
system and method of fixing the kneeblock to their seating system, but were divided 
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further for analysis. Some of the children were too small to use the kneeblock force 
measurement device, and a modification was made. Therefore they were unable to 
undergo statistical analyses with the non modified participants, but did take part in 
biomechanical analyses. There was a wide range of children, both in their age and 
weight, but also their abilities. 2 children communicated verbally, but the rest used 
symbol books, augmentative communication devices, or had very few communicable 
abilities. 
33 children were originally enrolled in the trial, and 3 children withdrew - one due to ill 
health prior to commencing the research, one was withdrawn by their parents after 
moving districts after visit 2 and one child had hip surgery after visit 4, which meant 
that they were in a full length hip splint and were not using their seating system. 
Of the remaining children, 30 completed 5/6 visits - one participant missed visit I and 
one participant missed visit 6.3 children, their parents and therapists did not wish to 
remove the kneeblocks due to concerns for possibility of hip dislocation or instability 
affecting function. These children are included in the biomechanical analysis and the 
reliability measurements. 2 children replaced their own kneeblocks after 2 days and one 
week respectively, and these children have also been analysed biornechanically. 6 
children (including 2 children who withdrew, I child who replaced the kneeblocks, I 
child who did not remove the kneeblocks and I child who was using only one 
kneeblock) were too small for the kneeblock force measurement device, and the device 
was then modified to measure force applied through a kneeblock by the addition of 
foam pads placed between the knee (end of the femur) and the kneeblock force sensor. 
This meant that the force applied through a kneeblock could not be compared with those 
participants who did not have modifications to the kneeblock, but could still be 
examined using biomechanical data, as well as gathering postural data and completing 
the questionnaires. 
It is important to stress that the children in the research project show a wide range of 
skills and abilities, from children who are adapting to their life environment at a level 
approaching typical development with the aid of technology such as powered mobility 
and augmentative communication aids, to those subjects who are developmentally at a 
preverbal stage in their development. Furthermore, children with severe forms of 
cerebral palsy also have further complicating health problems that mean in a practical 
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sense they are often absent from school due to illness or appointments at their local or 
specialist hospitals. 
Participants completed Trial Participants completed Trial 
n= 23 completed 5/6 force and pressure n= 30 (33 enrolled) completed 516 
measurements without modification to force and pressure measurements 
kneeblock force measurement device 
Dystonia n=5 Dystonia n=8 
Spasticity n= 18 ity n= 25 
7y4 mo - 14 y3 mo 5y0 mo - 15 yII mo 
Mean age = 10 y8 mo Mean age = 10 y9 mo 
Median age = 10 yII mo Median age = 10 yII mo 
Standard Deviation =2 months Standard Deviation =3 months 
7y 10mo-14ylOmo 5y 2mo-16y3 mo 
Mean age= IIy3 mo Mean age = 10 y6 mo 
Median age =IIyI mo Median age =IIy2 mo 
Standard Deviation =2 months Standard Deviation =3 months 
16.3 kg - 57 kg 15 kg - 57 kg 
Mean weight = 29.00 kg Mean weight = 27.1 kg 
Median weight = 26.20 kg Median weight= 24.70 kg 
Standard Deviation = 11.00 kg Standard Deviation = 10.40 kg 
Table 2.2: Characteristics of Children enrolled in the Research Project 
Data Collection 
The questionnaire for parents and therapists was sent with the consent form and often 
returned in the same stamped self addressed envelope. 
The participants themselves were seen 6 times over a period of 4-6 months. The time 
interval between visits varied between 2 and 5 weeks with an average of 4 weeks. It 
was difficult to standardise all 6 visits to within 3-4 weeks as originally planned, partly 
due to restrictions put down by the schools themselves, and the constraints of the school 
terms etc, but also as children would often be ill and miss an appointment. The weather 
was a further factor, when children were unable to attend school due to snow. 
Appointments with other health practitioners also that meant they were absent on the 
visit. The wide variation in times reflects the difficulty working with children with 
complex needs, as well as the difficulty co-ordinating appointment times to be 
convenient to child, parent, therapist and school. It was therefore imperative that the 
time between visits 3 and 4 was as standard as possible, because at time 3 the children's 
kneeblocks were removed for a period before being replaced and the children using the 
seating system as previously. The average time to have the kneeblocks removed for was 
3.5 weeks. Children were seen in their own school or home in order to cause as little 
disruption to the children and their families as possible. Children were seen in their 
CAPS 2 chair, which was one of the initial inclusion criteria. At the first visit the 
68 
children would be seen and their seats adjusted if necessary. At each visit the children 
were assessed on the Seated Postural Control Measure, as well as having force and 
pressure readings taken. The postural alignment section of the SPCM was administered 
first. The sacral pad was then replaced with the instrumented pressure measurement 
pad, the children's posture readjusted and the instrumented kneeblocks applied. The 
instrumented kneeblocks had been adjusted with the assistance of a jig to ensure that 
they were as close the child's own kneeblocks as possible. At visits 3 and 4 (prior to 
removing the kneeblocks and after replacing the kneeblocks, the children were assessed 
twice on the postural alignment section of the SPCM once with their kneeblocks off and 
once with their kneeblocks on - and was done with all participants, so that they could 
undergo further analysis. 
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Chapter 3: Development of Questionnaires to Measure 
Satisfaction and Agreement between Parents and Therapists 
Introduction 
Parents and therapists are not always completely satisfied with the seating systems that 
are on offer or provided for them, and it is important to evaluate whether this is the case. 
Furthermore, there is some suggestion that parents and therapists may have different 
opinions on their child's seating system, in terms of management of the child, 
appearance of the seating system and their overall view of the seating system. 
In order to address the question of any discrepancy between therapists and parents in 
their view of the child's seating system, two similar questionnaires have been 
developed. The questions asked were derived from clinical practice in the 
neurodisability service at Great Ormond Street Hospital for Children NHS Trust, over 
several years. The questionnaires are identical except for language ('Your child' for 
parents, 'the child' for therapists). The questions in the questionnaires are arranged into 
4 areas: 'Ease of Use', 'Appearance', 'Seated Function' and 'Comfort'. A separate 
section ascertains background information (such as how long the child spends in the 
seating system, how long they have had the seat) and asking what the parent/therapist 
like and do not like about the seating systems. These questionnaires are shown in 
Appendices 3&4. 
The questionnaires were initially developed and sent to therapists and parents for 
review. The questionnaires were then modified in terms of style and language in 
response to this review process. All parents and therapists agreed with the subject 
content, except one parent who objected to the "attractiveness" questions. No 
parents/therapists sought to include other topics with the exception of one parent who 
felt that safety of the seat should be included. 
Pilot of Questionnaires 
In order to ensure that the questionnaires were likely to give useful information in the 
main project, a pilot of the questionnaire was performed. The participants were the 
parents of children attending neurodisability clinics and therapists were occupational 
therapists and physiotherapists from Great Ormond Street Hospital, all of who are 
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experienced with children who use wheelchairs/adaptive-seating systems. To ensure 
that the questionnaires were reliable, they were sent to participating parents and 
therapists over a 6-8 week period on three separate occasions. 32 families were 
approached; 6 parents completed all three repeated measures and 8 parents completed 
interviews, some of these overlapping. One explanation for the low take up might be 
that due to ethical committee stipulations the researcher was not permitted to approach 
families directly, and families were approached at the time of the clinic appointment by 
clinic staff. The clinic staff did not always have time to explain the project, or indeed 
fully understand what was needed from the parents. However, when the process of 
including families was successful, the information gained proved valuable in terms of 
ensuring that the questions asked were of meaning to families, and that this was 
illustrated through a variety of methods 
Repeatability 
The repeatability of the questionnaires for both parents and therapists are shown in table 
3.3. Sending the parents and therapists 3 copies of the same questionnaire at 
approximately 2-week intervals assessed repeatability. The results demonstrate that for 
both parents and therapists repeating the questionnaire on two occasions had excellent 
repeatability and acceptable/good repeatability over all 3 occasions. 
Number of Ide ntical Responses 
2 occasions 3 occasions 
Parents 
Most (5/6 or 6/6) 23/25(92%) 13/25(52%) 
Therapists 
All (4/4) 23/25(92%) 13/25(52%) 
Parents 
More than half (4/6 or more) 25/25 (100%) 17/25(68%) 
Therapists 
Most (3/4 or more) 25/25 (100%) 17/25(64%) 
Table 3.3: Repeatability of 25 questions on the questionnaire for parents (n=6 x3= 18 
questionnaires) and therapists (n =4x3= 12 questionnaires). 
The questionnaires were initially looked at as a pure comparison, but then the areas of 
consistency and inconsistency were further explored (table 3.4). It was interesting that 
the most consistent and least consistent areas on the questionnaires were the opposite 
between therapists and parents. Practical issues are consistent for both parents and 
therapists, however there was a difference in the areas of "comfort" and "appearance". 
The parent group was least consistent in "appearance", but consistent at replying about 
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their child's "comfort". However the therapists were most consistent in the questions 
n, k II about "appearance", but not as consistent in the area of comfort" or "function". 
Parents Response Therapist Response 
Most Consistent Ease of Use Ease of Use 
Responses Comfort Appearance 
Least Consistent Appearance Comfort 
Responses Function 
Table 3A Most and least consistent responses for therapists and parents to the questionnaires. 
Interviews 
In addition to the questions, interviews were conducted with parents and therapists. The 
purpose of the interviews was to check the reliability of the questionnaire information 
and to gather information as to the topics/areas that were important to the interviewees. 
The data was collected in qualitative form in order to ascertain that the responses were 
those of the respondents themselves, not the views of the researcher. The interviews 
were manually recorded using a pen and paper, using a standard form (appendix 5). The 
purpose of recording in this way was to standardise the manner in which the questions 
were asked and in the correct order, and to ensure the comfort of interviewer and 
interviewee. However, this technique has a number of disadvantages, including the 
potential for biased recording of verbatim answers, difficulty with interpreting hastily 
written information. To assess the reliability of recorded information, 3 were also 
recorded on a Dictaphone. The recordings were transcribed and compared with the site 
records of interviews. Although the number was small, there was accuracy between the 
topic recorded by pen and paper and the topics discussed on the tape recording, and the 
timings of the interviews were consistent (Table 3.5). However, it may have been more 
reliable to tape record and later transcribe all interviews to remove the potential for 
interviewer bias and misinterpretation of written results, as well as improve the rigour of 
the information. 
General Ease of Use Appearance Comfort Function Background 
_No 
I Time II minutes 13 minutes 2 minutes 2, minutes 8 minutes 7 minutes 
No 2 Time 9.5 minutes II minutes 2 minutes 3 minutes 7 minutes 8 minutes 
_No 
3 Time 9 minutes 
_I 
I minutes 3 minutes 5 minutes 6 minutes 7 minutes 
Table 3.5: Timing of interviews for the 3-recorded interviews 
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Subject/Topic Response Frequency Frequency 
mentioned mentioned by 
by parents therapists 
n=8 n=5 
Appearance - Not a lot to like about the chair - is ugly 8/8 5/5 
- Any seating system is unattractive - could it 
be streamlined 
-'But my child looks good in any chair' 
Management of - Management of child more difficult because 8/8 2 
Child by parents of the chair 
- Takes time to get child in and out of chair 
which is a problem especially due to weather 
etc. 
- Chair is so large that it cannot be transported 
in car - need an ambulance so child is 
housebound 
Function and -Can't find a wheelchair that fits every need - 8/8 5/5 ADL need to compromise 
- Tolleting a big issue - how do you use a 
bottle 
and transferring in and out of chair 
- Problems accessing table etc - raises him up 
too high to be able to eat with rest of family 
Do not like about - chair is rigid, very heavy and cumbersome 8/8 2/5 
chair - Chair has made posture and medical 
problems worse 
Services - Chair needs to be co-ordinated with other 8/8 015 
pieces of equipment (AAC device, mounting 
etc) and no-one to do this except parents 
Comfort - Child positioned in equipment for 24 hours a 6/8 5/5 
day - cannot always be comfortable 
- Chair very uncomfortable but doesn't have 
anything else to sit in 
Safety - Need to feel child is safe in chair 5/8 015 
- Powered chairs fall over, can't get children 
out in hurry and they're very heavy to land on 
children 
Environment and - Chair inhibits what able to do - cannot go to 5/8 115 
Socialisation people's homes and socialising is a major 
problem 
- Need a bigger car to cope with equipment 
Emotional Issues - Don't want to be ungrateful and dissatisfied 4/8 115 
with equipment- Don't feel have information 
of any use to offer 
- Don't always have right information as to 
what's available 
Carers needs - Effect on parents health - ergonomics of 4/8 0/5 
chair and emotionally 
- Hurting oneself when lifting the chair in and 
out 
Like about chair - Chair easy to manoeuvre, looks padded, can 3/8 0/5 
adjust 
Child Feelings - Parents worried about self esteem and self 3/8 0/5 
worth of child, made worse by appearance of 
chair 
-Difficult always to comply - whole weekends 
go by when he doesn't want to use the chair 
Table 3.6: Examples of comments from parents in interviews, divided into themes, together with 
how many of the interviewees mentioned the theme. 
73 
The written records were then analysed using a thematic analysis (Ritchie & Spencer, 
1994). The individual's statements were divided into general topics by one researcher 
only, due to the constraints of this project. Ideally, several independent researchers 
should examine the information, in order to ensure consistency of coding of themes, and 
remove the potential Roshenthal effect, which is the tendency for results to conform to 
experimenters' expectations (Rosenthal and Rosnow 1997). 
The themes of the 8 parent interviews were arranged into 12 topics, which were 
determined by the single interviewer. Topics raised and the frequency of response is 
summarised in table 3.6, together with the some interesting parental comments. Full 
summaries of both parent and therapist interviews are given in Appendix 6. There was 
general agreement between therapists and parents that the purpose for providing the 
adaptive seating systems was primarily for postural management. This was important to 
the parents, who reported that they used the chairs consistently for this reason even 
though they found the seating system difficult to use, not attractive and generally made 
managing their child in daily life more difficult. The therapists in the pilot interviews 
were asked to pick a child using an adaptive seating system to fill in the questionnaire 
on and were interviewed on that child. Most of the therapists reported dissatisfaction 
with the seating systems that the children they picked were using, but they also 
expressed dissatisfaction with the range of chairs available to them. 
In Summary, the issues that was most important for parents included: 
Appearance of the wheelchair and seating system 
Management of the child and their needs in day to day life 
* The effect of the wheelchair and seating system on access to their environment 
and family socialisation 
Functional skills and Activities of Daily Living 
Service Delivery Issues 
The themes that were most important for therapists include 
* Appearance of the wheelchair and seating system 
* Comfort 
0 Technical Issues - such as stability, reliability and mechanical properties of the 
chair and seating systems. 
e The children's postural management 
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9 Function 
Issues for parents that were not mentioned by therapists include: 
Service Provision, delivery and co-ordination 
Safety of the system/chairs, in terms that parents understood 
9 Carer's needs and health 
9 Management of the child in a global sense 
Summary - Questionnaire development and pilot 
Both parents and therapists said that they found the questionnaires useful and would like 
to have the opportunity to answer such questions prior to attending a wheelchair/seating 
clinic. Comments were made that this could aid communication at the time of the 
appointment. 
The reliability of the questionnaires was judged to be satisfactory. This judgment is 
made by combining the repeatability (Tables 3.3 & 3.4) with interview data (table 3.6), 
and with the comparison between therapist and parent opinion. The interview data was 
recorded and interpreted by only one researcher, and therefore open to bias. However, it 
appeared that the questionnaires will give meaningful information. This is given further 
credence by the fact that this type of measure has not been done in the past looking 
specifically at the subject of wheelchairs and seating. 
Final Questionnaires 
The final questionnaires consist of two separate sections and are displayed in full in 
appendices 3&4. The questions yield either categorical or ordinal data for analysis. 
The first 2 questions are categorical ones, firstly a general question asking respondents 
the original reason for providing the seating system, and a second categorical question 
asking the respondents to judge the method by which the child propels their wheelchair 
(powered base that they drive themselves, manual base that the child pushes themselves, 
or a manual base pushed by someone else). Following these two general sections the 
questionnaire then has 23 questions, divided into different areas. Questions 1,2,4,6,8, 
10,127 13,14,15,16,18,19,21 & 23 are 5 point Lickert scale questions, where 
question I asks the respondent to tick a box from 'Not at all' to 'Completely Agree' with 
the question, and all further 5 point questions ask the respondents to tick a box from 
'Strongly Agree' at the left hand side to 'Strongly Disagree' at the far right hand side, 
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with 'Agree' above the centre box. Questions 3,5,7,9, 11,17,20 & 22 ask for a yes/no 
response, in order to define the different category of answers. Questions 2-23 are 
divided into sections entitled 'Ease of Use', 'Appearance', 'Comfort' and 'Function'. 
Section 2 of the questionnaire is designed to ask background questions of the 
respondents, which may influence their opinions, but also to give the respondents the 
opportunity to voice their thoughts and feelings about the seating system/wheelchair. 
Rather than numbers, the questions in the background section are labelled A-G. 
Questions A&B ask respondents to name one or more things that you are 
satisfied/dissatisfied with about the child's seating system. Questions C, D&E are tick 
box questions that ask about how long the child sits in the seating system per day, what 
other pieces of equipment the child uses and how long the child has been using their 
current seating system. Questions F&G ask whether there are times that the 
parent/therapist thinks that the child is comfortable/uncomfortable in their seating 
system and to specify what those times are. Finally, the respondents are given the 
opportunity for any other comments they would like to make. 
Main Project 
All parents and children whose names were put forward by the staff at the 
neurodisability service or their local therapists were sent a questionnaire together with a 
consent form, further information about the project and a stamped self-addressed 
envelope in order to return the consent form and questionnaire. 
Of the 59 parents approached, 41 families replied. 4 parents refused to take part in the 
project, as they felt it would not be in the best interests of their child. These parents 
were then offered the opportunity to fill in the questionnaire without taking part in the 
research project further, but all 4 families declined this invitation. Of the 37 families 
who agreed to participate in the research project and returned the consent form, 33 
returned the questionnaire as well. Those families who did not return the questionnaire 
were sent a further questionnaire to complete, and a telephone call from the research 
therapist asking whether they would complete and send back the questionnaire, but no 
further questionnaires were returned. Once the parental consent form was received, the 
primary therapists (either occupational therapist or physiotherapist, depending on 
interest and local role/responsibilities) of all 37 children who agreed to take part in the 
project were then sent a questionnaire, together with an appointment letter suggesting 
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the date of the first visit and a stamped self-addressed envelope. The therapists returned 
33 questionnaires. 2 of the 37 children changed seating systems prior to the trial and 
their therapists therefore felt it would not be helpful to return the questionnaires. One of 
the therapists approached refused to allow the child she was working with to participate 
in the project and did not return the questionnaire, and one further therapist did not 
return the questionnaire despite prompting from the researcher. 
Of all 66 questionnaires returned, 60 questionnaires (30 parent questionnaires and 30 
parental questionnaires) were matched for the parents and therapists of the same child 
returning their questionnaires. The results were analysed in a number of different ways, 
dependent on the type of data. Each question in section I is presented in bar chart 
format as a visual means of analysing the difference between parental and therapist 
opinion. Questions that yielded categorical information were analysed using a Pearson 
chi-square test (Altman 1991). The chi-square test detects whether there is a significant 
association between two variables. Categories are entered into a contingency table, 
where each entry in the table is a frequency - in this case the number of individuals who 
replied yes or no. The null hypothesis is that there is no association between the two 
variables, the alternative then being that there is any kind of association between 
variables. The test is done by calculating the expected frequency for each cell or total 
in each row and column of the table, by multiplying the row total by the column total 
and dividing this by the grand total. This is done for all combinations and compared. If 
the two variables are not associated the observed and expected frequencies should be 
close together, for a significant value therefore, the observed and expected frequencies 
should be far apart. 
The 5-point Lickert scales produced ordinal data, which has been coded on an arbitrary 
but continuous scale and analysed using the Mann-Whitney U test (Altman 1991). In 
the Mann-Whitney U test, all the observations are ranked as if from one sample. Then 
the sum of the ranks in each group is calculated and ap value found. Each pair is 
ranked and the difference between the ranks is the probability of finding a significant 
difference between the two groups. The Mann-Whitney U test was chosen on this 
occasion due to the nature of the scaled data, which means that the distance between 
points of the scale may not be equal at all parts along the scale. The null hypothesis is 
that there is no difference between parents and therapists as measured on each of the 
scaled question, the alternative being that there is a difference in scores between parents 
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and therapists, with no direction - i. e. that the highest/lowest score could be the parents 
or the therapists equally, not that parents always score higher than therapists or vice 
versa. The questionnaire was designed to include some questions to be answered by 
yes/no or scaled questions and also some qualitative questions. The qualitative 
questions were grouped into categories or themes. Originally, the themes used were the 
categories defined in the questionnaire, however this was too restrictive to show the 
richness of the written responses of both parental and therapy responses. In question 'A' 
(name one or more things that you are satisfied with about the child's seating system) 
other categories were added according to keywords used by the parents and therapists. 
The themes therefore included the categories used in the questionnaire of 'Ease of Use', 
'Appearance', 'Comfort', and 'Function', but the further categories of 'Posture', 'Chair 
Characteristics' and 'Child likes' were added according to the results. Key statements in 
each theme were then presented in the results, to show the opinions of parents as 
compared to their therapists. In question 'B' (name one or more things you are 
dissatisfied with about the child's seating system), the themes of the questionnaire were 
again utilised, however in question 'B' there were no responses that fell under the 
category 'function'. This theme was removed from the analysis and the extra themes of 
'Chair characteristics' and 'Posture' was added. Key statements in each theme were then 
presented in the results, to show the opinions of parents as compared to their therapists. 
Questions U, D' and 'E' required the respondents to tick boxes to define how many 
hours per day the child used the chair, what other pieces of equipment the child used and 
how long the child had used the seating system. The purpose of these questions was to 
elicit responses about the background and see whether the therapists and parents 
generally agreed with one another. The information was analysed by a direct 
comparison of the responses for each question. Question 'F' and U asked whether there 
were times when the child was particularly comfortable/uncomfortable in their chair. 
The results of each question was divided into 3 the, themes - question 'F' (comfortable) 
was divided into 'Time of day/place, 'Function' and 'Position. Question 'G' 
(uncomfortable) was divided into 3 similar themes but including 'Medical 
condition/fatigue' and excluding 'Function'. For both questions, key statements in each 
category by both therapists and parents were presented in order to show the quality of 
the responses. Finally, the respondents were asked whether they would like to make any 
further comments. The responses here were summarised in tabular format and the 
comments presented. 
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Chapter 4: Analysis and Results from Questionnaire Data 
Introduction 
In order to generate a picture of the opinions of parents and therapists of adaptive 
seating systems, two virtually identical questionnaires were developed - one for parents 
and one for therapists (Appendices 3& 4). Therapists and parents responses have been 
analysed to compare their opinions for areas of similarity and difference. Ordinal data 
was analysed using the Mann-Whitney U test. The test statistic is 2-tailed, as it cannot 
be predicted whether parents or therapists will consistently score higher than the other 
group. Categorical data has been collapsed into categories to fit into a2 way table, and 
analysed using chi -square. In both tests, the level of probability is less that 0.05 for a 
significant result. Each question has been listed, with significant or key results stated 
explicitly. Full quantitative data for section I of the questionnaires are presented in 
appendix 7. 
The second part of the questionnaire concentrated on qualitative responses. The 
responses to this data have not been subjected to statistical analysis as the purpose of 
this section was to present the breadth of opinion of the parents and therapists. Any 
attempt to centralise the data would be likely to result in losing the richness or quality of 
the results. However, the limitations of using these techniques mean that the results 
have less power to be generalised to a whole population. 
Finally questions, which looked at associated factors with seating - such as how many 
hours the children use their chairs and what other pieces of equipment they use, were 
asked. This information has been presented as a direct comparison. 
List of Questions and Key Results 
General Question - Why was the seating system originally provided? 
The first question was a general one asking why the seating system was originally 
provided, and is categorical data. Parents and therapists were asked to please tick the 
most important reason only, but 6 of the parents and 11 of the therapists replied with 
more than one answer. The most important reason for original provision of seating for 
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both parents and therapists was postural management, with mobility as the next 
important. This is illustrated in table 4.7 and figures 4.16 and 4.17. 
Parents - one Parents - Therapists - Therapists - Significance 
reply all replies one reply all replies (One answer 
nly) 
Postural Management 15 
21 
18 29 Postural M anagement 
Mobility 7 12 0 9 
Ease Of Use 1- 2 0 3 Chi-square 
Transport I 1 0 3 P- 0.50 
INo Reply 7 0 1 1 
Table 4.7: Replies of all the responses to initial question - Why was the seating system provided? 
Why was the seating system provided? 
(One answer only) 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 
0 Parents 
0 Therapists 
Figure 4.16: Bar chart showing replies to question I- Why was the seating system originaI13 
provided, showing number of replies on the y-axis. 
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Postural Mobility Ease of Use Transport No reply 
Management 
Why was the seating system originally provided? 
(All answers included) 
35 
30 
25 
20 
10 
5 
0 
C] Plarents 
0 Tberapists 
Figure 4.17: Bar chart showing all answers to question 1- Why was the seating system originally 
provided, showing the number of replies on the y-axis. 
It is interesting to note that nearly all the therapists and two thirds of the parents thought 
that the seating system had been provided for the purpose of postural management. To 
explore this further, data was then broken down to see a difference between systems that 
had been provided primarily for the purpose of postural management, and not provided 
primarily for postural management. This second group then included multiple replies. 
There was no statistically significant difference between postural management being the 
primary reason for providing the chair and other reasons (Chi-Square with continuity 
correction = 0.87, p= 0.50). Statistical analysis was not possible when looking at all 
replies, however, it is interesting to note that 29/30 therapists thought that the seating 
system had been originally provided in part for postural management. 
In your child's main chair they use a powered base, manual base or 
attendant propelled base? 
The second general question asked the respondents whether in the child's mam chair 
they used a powered wheelchair base that they drove themselves, a manual base that 
they pushed themselves or a manual base that was pushed by someone else. This is 
again categorical data, and has been analysed by collapsing the answer into 'powered 
mobility' and 'not powered mobility'. When broken down into a 2x2 table, there was a 
statistically significant difference between parents and therapists views of whether the 
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Postural klobility Ease Of Use Transport No Repýy 
lVianagerment 
i-square children's main form of mobility is powered or not (Chi with continuity 
correction = 4.83, p= 0.03). This is quite an important result clinically, as using 
powered mobility (or not) is not only very visible, but a very important life skill for 
these children to develop. This is illustrated in table 4.8 and figure 4.18, and may reflect 
a difference between what is seen at school versus what happens at home, as well as a 
lack of commurucation between the two places. 
Parents nerapists Significance 
ýPowered 3 9 Powered Mobility 
I 
, Self Propel 1 
0 1 vs. not 
ýAttendant Propel 271 191 
0.03 Pý 
Table 4.8: Method stated as the main way the child is moved about in their wheelchair 
Main Propulsion Method 
30 
25 
20 
ý 13 Parents 
113 Therapists 
Powered Self Propel 
Figure 4.18: Bar chart showing the difference between parent and therapists views of the question 
"In the child's main chair they drive themselves, push themselves or are pushed by someone else". 
The y-axis shows the number of replies 
Question I- "Does the child's seating system achieve what you had 
wanted it to? " 
Question I was designed to measure satisfaction with the child's seating system, and the 
data is ordinal. There was no statistically significant difference between parents and 
therapists' replies to whether the child's seating system achieved what they had wanted it 
to in the first place (Mann-Whitney U test, p= 0.920). 
Question 2- The child's seat is easy to put in and out of a vehicle 
(ca r/bus/taxi/o the r). 
There was a statistically significant difference between parents' and therapists' responses 
to the question about whether the seating system was easy to put in and out of a vehicle 
(Mann Whitney U test, p= 0.02). The data for this question is ordinal, and the results 
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Attenclent Propel 
are presented in table 4.9 and figure 4.19. Pomts of interest here are the relatively large 
number of therapists (25%) who did not know whether the child's seating system was 
easy or difficult to put in or out of a vehicle. Whether or not a child and their family can 
comply With using a system does rely on being able to transport it, and the number of no 
replies from the therapists of the children is of concern. Throughout the questionnaire 
there was a trend to differences between parents and therapists on questions where the 
subject was ease of use - and this is carried over into the qualitative analysis. 
Parent 
n= 30 
Therapist 
n= 30 
Significance 
Strongly Agree 2 7 p= 0.02 
3 2 
Agree 7 6 
3 5 
Strongly Disagree 13 3 
No Reply 2 7 
Table 4.9: Difference between parent and therapists' views of Question 2- "The seating system is 
easy to put in and out of a vehicle". 
Furthermore, many of the respondents stated that their answers may have been different 
depending on the type of vehicle - for example the seating system was easy to put into 
the tail-lift bus that takes the child to school, but difficult to put mto a family car. In the 
future it would be useful to amend this question, perhaps by breaking it into several 
different categories, including access to public transport. 
Main Propulsion Method 
30 
25 
20 
15 
10 
5 
0 
Figure 4.19: Bar chart showing the difference between parents and therapists' response to Question 
2 "The child's seat is easy to put in and out of a vehicle (car/bus/taxi/other)". The y-ax-is represents 
the number of rephes 
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Question 3- Does your child push themselves? 
Question 3 is a yes/no question that yields categorical data. The respondents were asked 
to answer the question, and answer the following question (question 4) only if the 
answer was positive. No statistical analysis is necessary as the groups agreed that none 
of the children pushed themselves or did not answer. 
Question 4- The chair is difficult for the children to push themselves? 
As previously stated, respondents were asked only to fill in question 4 if they had 
answered question 3 in the positive. The data is ordinal and was analysed using the 
Mann-Whitney U test. There were no significant difference between parents and 
therapists' opinion as to whether the chair is difficult for the children to push by 
themselves (p= 0.27). 
Question 5- Does your child drive the chair themselves (if not please 
proceed to question 7) 
Question 5 was a yes/no question, yielding categorical data, asking whether in the 
child's main chair they drive themselves. No statistically significant difference between 
parents and therapists opinion of whether the child drives themselves in their wheelchair 
is shown (Chi-square with continuity correction = 0.97, p= 0.33). However, even though 
statistically not significant, there was disagreement between the number of therapists 
(n=7) who think that children drive themselves in a powered wheelchair and the number 
of parents (n=3). Although not statistically significant, whether or not a child is able to 
drive a wheelchair is clinically significant and there should not be a difference between 
the two groups, if both groups of parents and therapists were familiar with the children's 
life pattern and not just school life. 
Question 6- The chair is easy for the child to drive? 
As with question 4, the respondents were distracted from answering this question. The 
data is ordinal and the resulting statistical analysis showed no significant difference 
between the parents and therapists who answered the question about whether the 
children found the chair easy to drive (Mann Whitney U test, p= 0.74). 
84 
Question 7- Does someone else push the chair? 
In question 7 there was no significant difference between the groups as to whether the 
chair was pushed by someone else (Chi-square with continuity correction= 2.41, p= 
0.12). 
Question 8- The chair is difficult for the attendant to push 
There was no statistically significant difference between parents and therapists' reply to 
the question 8 (Mann Whitney U test, p= 0.37). 
Question 9- Does your child use kneeblocks? 
Question 9 was a yes/no question. No statistical analysis was necessary for this 
questions as parents and therapists showed agreement as to whether the children used 
kneeblocks or not. As using kneeblocks was one of the pre-requisites for inclusion into 
the study this is a reassuring result. 
Question 10 - If your child uses kneeblocks, the kneeblocks are easy to 
puton? 
There was no statistically significant difference between parents and therapists as to 
whether the kneeblocks were easy to put on (Mann Whitney U test, p= 0.68), but the 
results, as seen in figure 4.20 show that therapists tended to be closer together in their 
responses, whereas parents tend to be more widespread in their answers. It may be that 
the wide range between easy and difficult to put the kneeblocks on reflects the fixed 
deformity of the children themselves. 
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The kneeblocks are easy to put on 
12 
10 
8 
6 
4 
2 
0 
Strongly No Reply 
Disagree 
o Farent 
[] Therapist 
Figure 4.20: Bar chart showing parents and therapists answers to Question 10 - "If the child uses 
kneeblocks, the kneeblocks are easy to put on". 
Question 11 - Is the chair adjustable? 
Question II was another yes/no question, in which the majority of replies are in the 
positive - yes the chair is adjustable with n=23 parents and n=27 therapists replying in 
the positive. However, there was no statistically significant difference between parents' 
and therapists' opinions on whether the chair was adjustable (Chi-square with continuity 
correction= 0.23, p= 0.43). 
Question 12 - The seating system is difficult to adjust to different 
positions 
The parents and therapists showed a statistically non-sigmficant difference as to whether 
the children's seating systems were difficult to adjust (Mann Whitney U Test, p= 0.50), 
but the bar chart illustrates some interesting differences between parents and therapists 
that could be expected. Over a quarter (27%) of the parents did not reply, although only 
one parent did not reply to the previous yes/no question. This may be because parents 
do not know whether the chair is adjustable, or perhaps expect that their therapist or 
local wheelchair service should adjust the chair and not themselves. The questions itself 
would have benefited from a'Don't know'category. Secondly a third (33.3%) of parents 
replied that the chair was very difficult to adjust, and only 5/30 (17%) of therapists 
thought that the chair was difficult to adjust, possibly reflective of different skills 
between parents and therapists. These results are illustrated in figure 4.2 1. 
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Strongly Agree 
Agree 
The seating system is difficult to adjust to 
different positions 
10 
8 
6 
4 
2 
0 
Strongly Agree Strongly No Reply 
Agree Agree 
12 - 
E] Parent 
E] Therapist 
Figure 4.21: Bar chart showing parent and therapist replies to Question 12 - "The seating system is 
difficult to adjust to different positions". The y-axis shows the number of replies 
Question 13: The seating system itself is unattractive 
This was the first of two questions asking about the appearance of the wheelchair. 
There was no statistically significant difference between parents and therapists as to 
whether the seating system was unattractive (Mann Whitney U test, p= 0.77). 
Question 14 - The child looks good in their chair 
Question 14 is the second of two questions based on appearance of the seating system 
and the child using the system. Parents and therapists show a statistically significant 
difference in their opinions as to whether their chId looks good In their wheelchair 
(Mann Whitney U test p= 0.03). All the participants replied to this question, which 
show that the therapists tend to be more positive about the child looking good in the 
chair. This is an area that requires further exploration. The results are shown in table 
4.10 and figure 4.22. 
Parent 
n=30 
Therapist 
n=30 
Significance 
11 Strongly Agree 0 4 
12 3 6 pý 0.03 
13 Agree 16 13 
14 7 6 
15 Strongly Disagree 4 1 
Table 4.10: Table of response to question 14 - "The child looks good in their chair". 
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r- 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 
E3 Parent 
Therapist 
Figure 4.22: Bar chart demonstrating parents and therapists' answers to Question 14 - "The child 
looks good in their chair". The y-axis shows the number of replies 
Question 15 - Your child is usually comfortable in their chair 
The responses of both parents and therapists were similar in question 15 showing a trend 
to agreement. 18/30 (60%) of both parents and therapists agreed that the children were 
comfortable most of the time. No statistically significant difference between parents 
and therapists was shown (Mann-Whitney U test, p= 0.73). 
Question 16 - The child is uncomfortable most of the time 
Again there was no statistically significant difference between parent and therapists as 
to whether they think the child is uncomfortable most of the time (Mann Whitney U test, 
p= 0.58). 
Question 17 - Does your child use other pieces of equipment (e. g. 
Standing frame, home chair)? 
This was a further yes/no question and ýqelds categorical data. There was no 
statistically significant difference between parents and therapists views that the children 
use other pieces of equipment (Chi-square with continuity correction= 1.4 1, p= 0.23). 
The child looks good in their chair 
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Strongly Agree Strongly 
Agree Disagree 
Question 18 - The child is able to hold their head up better in the 
seating system than in other equipment (e. g. other chairs, standing 
frame? ) 
Parents and therapists showed no statistically sigruficant difference as to whether their 
child was able to hold their head up better in the seating system than in other equipment 
(Mann Whitney U Test, p= 0.36). 
Question 19 - The child's hand function is better in other equipment 
than in their seating system. 
The results of question 19 are interesting, because although parents and therapists either 
disagree or strongly disagree there is a significant difference between their answers 
(Mann Whitney U test, p= 0.02). It would be difficult to interpret this result as 
particularly meaningful however, because, as illustrated in figure 4.23, neither group 
fully agreed with the statement, but both disagreed vAth differing emphasis (table 4.11 
& figure 4.23). 
Parents 
n=30 
Therapists Significance 
n=30 
Strongly Agree I I 
0 2 pý 0.02 
Agree 3 4 
9 15 
Strongly Disagree 15 6 
No Reply 2 2 
Table 4.11: Replies forThe child's hand function is better in other equipment than in their seating 
system'. 
The child's hand function better in other 
equipment 
16 
14 
12 
10 
8 
6 
4 
2 
o 
ci Parent 
[]Therapist 
Figure 4.23: Bar chart of the replies to Question 19 - "The child's hand function is better in other 
equipment than their seating system". The y-axis represents the number of replies. 
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11 12 13 14 15 No Reply 
Strongly Agree Strongly 
Ag ree Disagree 
Question 20 - Does your child use a switch to operate a computer, toys 
or drive a wheelchair? 
Question 20 was a yes/no question and the parents and therapists showed no statistical 
difference in their answers to whether the child used a switch (Chi-square continuity 
correction= 1.41, p= 0.23). 
Question 21 - The child's switch use is better in their seating system 
than in other equipment (e. g. other chairs, standing frame). 
There was no statistically significant difference between parents and therapists opinion 
as to whether the child's switch use was better in or out of their seating system (Mann 
Whitney U test, p= 0.57). 
Question 22 - Does your child use a joystick to drive a wheelchair, 
operate toys or a computer? 
There was no statistically significant difference between parents and therapists whether 
the child used a joystick to drive a wheelchair, operate toys or operate a computer (Chi- 
square with continuity correction= 0.37, p= 0.54). 
Question 23 - The child can use their joystick better when using their 
seating system than when they are not 
This question is remarkable only for the number of non-replies - 23/30 (77%) and 24/30 
(80%). The results are not significant (Mann Whitney U test, p=0.37). 
Summary 
A summary of the data is shown in table 4.12 below, depicting statistically significant 
differences, defined as a significance or 'p' value of less than or equal to 0.05. The table 
has been further divided into not statistically significant and agree completely (no 
difference between the groups 100% of the time). There are very few statistically 
significant differences between the two groups, but those that are significant 
complement the pilot data, as they are in the areas of 'ease of use', 'appearance' and 
'function'. One further significant difference in the area of whether the children use 
powered mobility or not was shown. This is quite important, as it highlights that there 
may be a difference between home and school, and may indicate a lack of 
communication between parents and therapists that is not measured by the tool. This is 
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countered by the complete agreement in question 3, which shows that none of the 
children self propel their chairs, but are either pushed by an attendant or drive the chair 
themselves. One of the inclusion criteria for the study is that children should use 
kneeblocks, and reassuringly, question 9 which asked whether the children used 
kneeblocks showed 100% agreement. 
The outcome measurement tool itself was developed on clinical questions, and validated 
using pen and paper interviews and thematic analysis. However, there were limitations 
to the development, in particular a lack of qualitative rigour, given interview and 
examiner bias, and the pen and paper rather than transcription data collection method. 
The tool itself is divided into two complementary sections, and thus the categorical and 
ordinal data of section one has been presented, but does not give the whole picture. The 
results of section 2, which are qualitative gives a wide variety of opinions on which to 
add to the results of section I in order to form an inclusive conclusion to the question of 
how much parents and therapists agree with one another, when their children are using 
an adaptive seating system that uses a sacral pad and kneeblock. 
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Statistical Significance 
(2 tailed significance p= <0.050) 
No Statistical Significance 100% 
Agreement 
11 - In your child's main chair they use a I- Why was the seating system originally 03. Does the 
Categorical powered, self propelled or attendant provided? child push Data propelled wheelchair base. 
Q5. Does your child drive the chair themselves? 
themselves 
Q7. Does someone else push the chair? Question 9. 
Q1 1. Is the chair adjustable? 
Does the child 
use kneeblocks? 
Q17. Does your child use other pieces of 
equipment? 
Q20. Does your child use a switch to 
operate a computer, toys or drive a 
wheelchair 
022. Does your child use a joystick to drive 
a wheelchair, operate toys or a computer? 
Ordinal Q2. Your child's seat is easy to put in Q1. Does your child's seating system 
Data and out of a vehicle achieve what you had wanted it to 
Q1 4. Your child looks good in their chair Q4. The chair is difficult for the child to 
push anted it to? 
019. Your child's hand function is better 
in other equipment than in their seating Q6. The chair is easy for the child to drive 
system 
Q8. The chair is difficult for the attendant to 
push 
Q1 0. If your child uses kneeblocks the 
kneeblocks are easy to put on 
012. The seating system is difficult to 
adjust to different positions 
Q13. The seating system itself is 
uncomfortable? 
Q1 5. The child is usually comfortable in 
their chair 
016. The child is uncomfortable most of 
the time? 
018. The child is able to hold their head 
up better in their seating system than other 
equipment 
Q21. The child's switch use is better in 
their seating system than in other 
equipment 
023. The child uses joystick better in 
seating system than other equipment 
Table 4.12: Summary of results of significance testing for section one of the questionnaire 
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Section 2- Qualitative and Background Information 
The questionnaire was designed to include some questions to be answered by yes/no 
questions or scales as well as qualitative questions. The second section of the 
questionnaire consisted of several qualitative questions as well as practical tick box 
questions. The purpose of this was to investigate and understand the opinions of parents 
and therapist, as well as evaluate on a practical level how much agreement is shown 
between parents and therapists. The advantages of using questionnaires to gain this 
information is that it is convenient and without examiner bias shown in the pilot 
interviews. However the major disadvantages include a possible misinterpretation by 
the respondents of the question, and the lack of completeness of the data. The answers 
to the qualitative questions were grouped into categories or themes, by the main 
researcher. Unfortunately in this project it was not possible to have multiple researchers 
coding the data, but ideally this would be the case to ensure consistency of keyword or 
thematic categories. Initially, the categories followed the separate topics of section one 
(general, ease of use, appearance, comfort and function), however, as thematic and 
keyword analysis progressed, a number of keywords such as 'posture' emerged as 
important and frequently mentioned topics. The analysis is presented in the same order 
as the questionnaire. 
A. Please name one or more things you are satisfied with about your child's 
seating system 
The answers to this qualitative question were grouped into categories or themes and are 
presented in table 4.13. These themes were further expanded and statements recorded 
according to each theme. The number following each of the comments is the identifying 
or participant number of the child involved in the project. 
Parent Replies 
n= 30 
Replies = 49 
Therapist Replies 
n= 30 
Replies = 51 
Greater 
frequency of 
replies 
Posture 16 27 Therapists 
Chair Characteristics 9 12 Therapists 
Comfort 9 5 Parents 
Child Likes 5 0 Parents 
Ease of Use 5 0 Parents 
Function 3 7 Therapists 
LAppearance 2 0 Equal 
Table 4.13: Summary of replies to "Please name one or more things you are satisfied with about 
your child's seating system". 
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Posture 
The difference in number between parent and therapy replies was interesting, and this is 
carried through in themes below. Parents had some positive, but general comments 
regarding positioning, whereas therapists comments tended to be slightly more specific, 
with good posture relating to body parts or position. 
PARENTS COMMENTS THERAPIST COMMENTS 
It keeps S well positioned with her body 
(5001) 
Gives him some postural alignment 
(5002) 
Child is positioned properly (5021) Position ofpelvis, trunk and head (5009) 
Very good positioning (5024) Posture control provided (5015,5016) 
Postural management (5045) Good postural control of hips (5020) 
He is in the right sitting position (5048) Promotes and upright posture most of the 
time (5048) 
The seating offers a better fixed postured 
sitting reducing many involuntary 
movements (5050) 
Provides an upright posture (5049) 
She sits in a good upright position (5003) Child is in a reasonable position in chair 
(5058) 
*The numbers in brackets represent the study number of the child whom the 
parent/therapist comments were concerning. 
Chair Characteristics 
Chair characteristics were the next most popular themes for therapists, and equal second 
for parents. These are classed as the features of the chair that the respondents pointed 
out - such as safety and stability or colour of the seat cushions. Parents chose practical 
issues as items they were satisfied with, however, therapists had no consistent theme. 
PARENTS COMMENTS THERAPISTS COMMENTS 
Washable covers (5016) Stability and sturdiness (5001) 
Head support (5023) Itfits and is adjustable to adapt to growth 
(5014) 
Adjustable (5032) Ease of adjustment to fit as grow (5019) 
EasY to change covers (5001) New CAPS 2 kneeblock (5023) 
Tilt in space (5045) New rucksack harness (5024) 
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Comfort 
Comfort was the next theme identified as important for parents, but less so for 
therapists. 
PARENTS COMMENTS THERAPISTS COMMENTS 
Looks comfortable (5006) Comfortable (5008) 
Comfortability (5008) Comfort (5015,5016,5045) 
Seems to be comfortable once correct 
position is achieved (5020) 
Comfortable when correctly positioned 
(5056) 
Comfortfor longer periods (5045) 
Child Likes 
Some of the parents identified positive reactions and benefits from the child themselves 
as a reason why they were satisfied with the seating system. Therapists did not have any 
comments here. 
PARENTS COMMENTS 
H likes being in her CAPS 2 (5015) 
Sits well and can look around and enjoy 
life (5026) 
Confident while sitting in it (5014) 
Ease of Use 
Consistently throughout the questionnaire, ease of use is important for parents, and this 
is reflected by positive comments (as well as negative comments, which follow). 
However, therapists made no comments on ease of use. 
PARENTS COMMENTS 
Suitable for school bus, dismantles for 
home car (5009) 
Easy to move around (5040) 
It fits the bus that takes him to school 
(5043) 
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Function 
Function was seen as more important for therapists than parents, and involves specific 
abilities of the children for parents. 
PARENTS COMMENTS THERAPISTS COMMENTS 
Child is able to see and play more She can use switches in it (5003) 
(5021) 
Betterforfeeding (5047) Independence in wheelchair mobility 
(5024) 
Can propel himself (5053) Enables access to the curriculum 
(5048,5049,5050) 
Appearance 
The theme of appearance had one or two comments from parents who liked the 
appearance of their child in the chair. Therapists did not comment on this theme. 
PARENTS COMMENTS 
The way he looks in it (5049) 
Nice size - it is D who you see first, not 
the wheelchair (5053) 
B. Please name one or more things you are dissatisfied with about the child's 
seating system. 
The second question in section 2 is the opposite of the first question, and generated a 
greater number of replies - especially from parents, and especially looking at ease of 
use, or the aspects that make their management of the wheelchair more difficult. 
Secondly, although related the theme of chair characteristics have been chosen as a 
further theme. These are characteristics relating to the chair itself - such as colour, 
covers and the like. Appearance, comfort and posture are chosen as minor themes. 
Looking at the summary of results in table 4.14, it is interesting to note that a number of 
therapists felt that the seating system was not satisfactory in controlling children's 
posture. 
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Parent Replies 
n= 30 
Replies = 60 
Therapy Replies 
n= 30 
Replies = 32 
Greater frequency 
of replies 
Ease of Use 31 7 Parents 
Chair Characteristics 18 13 Parents 
Appearance 6 2 Parents 
Comfort 2 2 Equal 
Posture 3 8 Therapists 
Table 4.14: Results of Qualitative comments to the question "Please name one or more things you 
are dissatisfied with about your child's seating system", divided into 5 main themes. 
Ease of Use 
The highest priority theme for parents when discussing the reasons they were 
dissatisfied with the seating system. Many of the comments relate to the heaviness and 
difficulty of manoeuvring the seating system, although one relating to difficulty getting 
the child in the front door is particularly alarming. Therapists did not comment as often 
on ease of use difficulties, but when they did comment, they related to heaviness and 
difficulty with management of the child. 
PARENTS COMMENTS THERAPISTS COMMENTS 
Heaviness of the whole - especially base Heavy and awkward, doesn't fold up 
and pushchair (5009) (5014) 
The actual wheelchair handles are too Weightfor carers to move (5015) 
low (5015) 
Clumsy and bulky to manoeuvre around Heavy to transfer - power tolfrom manual 
house or inlout of vehicle (5020) base (5019) 
The fact that we have to keep dismantling Difficulty getting him in (5020) 
it to put in our own car (5043) 
Very difficult to tilt back and move him It can be diffitcult tofit the kneeblocks and 
through thefront door (5057) heavy(5048) 
Chair characteristics 
Practical issues relating to the chair and/or seating system are the next theme, and both 
parents and therapists had some practical difficulties with the seat. It is interesting to 
note that the kneeblocks have been picked up as difficult to use by the respondents. 
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PARENTS COMMENTS THERAPISTS COMMENTS 
It's all or nothing -i. e. must have Needs to be in it with extra support 
kneeblock and foot straps for correct (5002) 
sitting (5001) 
Kneeblock (5023) Have had difficulty fitting head switches 
to power base (5003) 
Brakes are difficult to operate (5032) Difficult to do up the lap strap (5006) 
Doesn't take to little bumps (5033) Head rest (5042) 
Nowhere to attach kneeblocks when not Kneeblocks (5053) 
in use (5009) 
Bottom of footplates are dangerous for Kneeblock is very difficult to use (5058) 
catching peoples legs etc (5014) 
Appearance 
Although appearance was not a major area of dissatisfaction for either group in 
particular, those parents that comment see it as 'ugly'. Only 2 therapists commented on 
appearance. 
PARENTS COMMENTS THERAPISTS COMMENTS 
Oldfashioned (5008) Unattractivefor a 13 year old (5008) 
Looks ugly (5024) Not aesthetically pleasing (5002) 
It's ugly looking (5048) 
Doesn't look nice (5050) 
Comfort 
Comfort was not a major theme in response to this question, but is covered in more 
detail further in the questionnaire, however the response from participant 5006 is of 
concem. 
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PARENTS COMMENTS THERAPISTS COMMENTS 
Uncomfortable for long periods (5003) Kneeblocks bruise knees due to movement 
patterns (5026) 
Does not like to sit in the chair for too 
long (5006) 
Posture 
Posture was not a great area for dissatisfaction with the seating system with the parents, 
but is the second highest area of dissatisfaction for the therapist respondents. 
PARENTS COMMENTS THERAPISTS COMMENTS 
Hard to position child correctly in the Not obtaining a good position - still 
seat(5020) extends and rotates (5026) 
Kneeblocks seem to flatten her knees Would prefer more lumber lordosis 
(5056) (5047) 
Very restrictive - particularly with Developed a lean to the left even with the 
kneeblocks (5022) system (5048) 
Still manages to sit with a kyphotic 
posture (5049) 
Background 
Three further questions were asked about background to the child's use of the seating 
system. These are presented in the raw fon-nat in tables (4.15,4.16 & 4.17). Trends 
have been outlined as to higher or lower responses between parents and therapists, with 
the criteria of difference (or not equal) being a difference of 3 or more. 
How many hours per day (on average) does the child spend in their chair? 
The next question is one that required the respondents to tick a box with the appropriate 
answer. Both parents and therapists tend to be in agreement to this question (table 
4.15), which implies that on very practical level, parents and therapists are able to 
communicate about children's use of their seating system. 
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Number of hours 
spent in chair 
Parents reply 
n= 30 
Therapist reply 
n= 30 
Difference of reply 
<3 hours 0 1 Equal 
3-6 hours 9 9 Equal 
6- 10 hours 15 15 Equal 
> 10 hours 4 4 Eq ual U 
No reply 2 1 Equalý 
Table 4.15: Results of question 'How many hours does the child sit in the chair", showing consistent 
responses between parents and therapists. 
Children with cerebral palsy may use other pieces of equipment besides their seating 
system to control their posture or allow them access to function and their environment. 
This question shows similar results for parents and therapists (table 4.16), but what 
appears an interesting misunderstanding between what happens at home and school. 
This may reflect an observation suggested in section 1 that there might be differences 
between home and school that are perhaps not communicated effectively. It would be 
interesting to explore this with higher numbers of respondents. 
Equipment Parent reply 
(n = 30) 
Therapist reply 
(n = 30) 
Difference in reply 
Standing Frame 23 25 Equal 
Night Positioner 16 12 Parents 
Home Chair 6 2 Parents 
School Chair 3 6 Therapists 
Other 24 24 Equal 
Table 4.16: Parent and Therapist response to the question "Tick which other pieces of equipment 
your child uses" 
How long has the child been using the seating system? 
This is another practical question, asking parents and therapists how long the child has 
been using their seating system. (table 4.17). 
Time had Chair 
(months) 
Parent reply 
(n =30) 
Therapist reply 
(n = 30) 
Trend to higher 
scores 
<6 months 2 3 Equal 
6- 12 months 4 1 Equal 
12 - 18 months 7 7 Equal 
18 - 24 months 5 6 Equal 
> 24 months 9 11 Equal 
No reply 3 2 Equal 
Table 4.17: Parent and Therapist response to the question "How long has the child been using the 
seating system" 
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F. Are there times when you think the child is particularly comfortable in 
their chair? 
This question is a qualitative and open answered, optional question, asking parents and 
therapists about the child's perceived comfort in their seating system. The numerical 
responses together with trend to higher scores are shown in table 4.18. The answers 
have then been divided into three themes that are outlined below. 
Reason Parent reply 
n= 30 
Replies = 28 
Therapist reply 
n= 30 
Replies = 17 
Higher rate of 
reply 
Time of Day/ Place 13 9 Parents 
Function 12 1 Parents 
Position 3 7 Therapists 
Table 4.18: Sununary of answers to the question "Are there times when you think the child is 
particularly comfortable in their chair? " 
Time of DaylPlace 
The responses to this question regarding time and place are quite interesting in the 
difference between parents and therapists comments. Parents tend to be specific about 
times when the child is comfortable, whereas therapists are more general. 
PARENTS COMMENTS THERAPISTS COMMENTS 
Journey to school on bus (5003) Comfortable in school (5014) 
First thing in the morning (5006) Comfortable all the time (5015) 
Shopping and outings (5021) When asleep (5045) 
When he is sitting first thing in the 
morning (5048) 
Most of the time (5045) 
When initial use begins (5050) Enjoys it during school (5047) 
After breakfast to midday (5057) Sits better when transferred back out of 
standingframe (5006) 
Function 
Parents commented more on function than therapists in this category, although number 
of responses was small. 
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PARENTS COMMENTS THERAPISTS COMMENTS 
When eating (5008) Mealtimes (5033) 
Mealtimes with tray on (5009) 
Doing activities on tray (5009) 
Dinner time (5032) 
T"ile playing (5047) 
Position 
As has been consistent, therapist's responses concentrated on posture, with more 
therapists commenting on their satisfaction with the seating system through this 
question. 
PARENTS COMMENTS THERAPISTS COMMENTS 
Appears to be comfortable most of the Always - when kneeblocks are adjusted 
time provided the correct position can correctly (5016) 
be achieved (5020) 
When her tone is stiffer (5033) When slightly tilted (5021) 
When correct head position in Leckey When correctly positioned by classroom 
head rest (5033) staff after use of standingframe (5058) 
G. Are there times when you think the child is particularly uncomfortable in 
their chair? 
The responses to the above question are presented in table 4.19, and show parents 
response concentrating on medical condition or tiredness as well as position, but 
therapists again concentrating on position, Apart from the tiredness category, parents 
and therapists are equal in their response to the themes. It is interesting to see an overall 
difference between parents and therapists, whereby the parents view their child in a 
holistic framework, in the context of their lives, whereas therapists are narrower. 
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Reason Parent reply 
n= 30 
Replies = 28 
Therapist reply 
n= 30 
Replies = 20 
Higher rate of 
reply 
Medical condition/Fatigue 13 5 Parents 
Position 10 11 Eq ual 
Time of Day/ Place 5 4 Equal 
Table 4.19: Showing summary of answers and themes to the question "Are there times when you 
think the child is particularly uncomfortable in their chair? " 
Medical conditionlFatigue 
Tiredness and illness were themes that the parents were able to comment on as to when 
children tended to be uncomfortable, whereas therapists tended to mention 
characteristics of the children's medical condition. 
PARENTS COMMENTS THERAPISTS COMMENTS 
Tired (5008) When he has hipflexor spasms (5002) 
When in pain (5009) When spasm is severe (5008) 
Floppy days (5033) When her headflops (5021) 
When ill (5008) Seizures (5040) 
When he gets tired (5048) When extends vigorously (5006) 
Position 
The comments regarding position were approximately equal in number for parents and 
therapists, and there was not a consistency in the quality of the comments 
PARENTS COMMENTS THERAPISTS COMMENTS 
When completely strapped in (5001) When the switches or activities are out of 
reach (5003) 
When it's tipped back - tries to sit up Not enough supportfor thorax (5042) 
(5009) 
If she is not seated correctly, leans to When headrest not positioned correctly 
one side (5033) (5043) 
When kneeblock is pushed too far in When not correctly positioned and 
(5057) kneeblocksfixed securely (5058) 
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Time of DaylPlace 
Time of day and tiredness were key responses of the parents to the question of whether 
their child was uncomfortable or not, whereas therapists comments were more general. 
PARENTS COMMENTS THERAPISTS COMMENTS 
When she sits in it for long periods When outgrown chair (5016) 
without a break (5003) 
After sitting in itfor a long time (5047) Men been in chair more than 2 or 3 
hours (5045) 
After any long period of time especially When sitting for too long, head collapses 
end of school day and long bus journey (5047) 
home (5050) 
When he's tired - mid afternoon (5057) When pushing the chair over uneven 
surfaces (5040) 
Do you have any other comments that you would like to make? 
The final question was optional and open ended, asking respondents to make any further 
comments. There were not a great number (about a third) of parents and therapists who 
did respond (table 4.20), but the qualities of responses are presented below. Several of 
the comments were very positive, but others highlighted difficulties with service 
delivery as well as emphasising practical difficulties with managing the seating system. 
Parent Therapist Higher rate of 
Reply Reply reply 
(n = 30) (n = 32) 
Number 10 7 Parents 
replied 
No reply 20 23 Therapists 
Table 4.20: Responses to the question "Do you have any other comments you would like to make? " 
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PARENTS COMMENTS THERAPISTS COMMENTS 
I would like to try other types of seating Likes to sit with legs crossed - accepts 
systems to see if there are any better kneeblocks but prefers not to use them 
alternatives (5003) (5002) 
I have seen different chairs but I do not Difficult to answer as child lives in 
think they are available in our health another borough and they supply the 
authority (5006) wheelchair (5006) 
The seating part of this chair is better We are very happy with this seating 
than roebug* but weight, ease of system for R (5015) 
dismantling, size and ease to push are 
worse (5009) 
H prefers to be in her CAPS 2 chair than Only system to provide comfortable, safe 
anywhere else - she looks comfortable and and good seatingfor this child (5015) 
provides adequate support (5015) 
Children wait too long for new chairs. Found no other system to hold position 
When growth is ongoing, assessment safely and well. Can't function without 
times for new chairs and eventual delivery system (5016) 
can mean a6 to 8 month waitfor the next 
size up (5016) 
Kneeblocks do not press on the front of This piece of equipment can only 
the knees, just keeps them apart. She does provide secure positioning for this child 
not extend in them because before in conjunction with spinal jacket 
extension she needs to bring them especially in transport (5040) 
together (5033) 
Very good (5040) R is very good in her new electric 
wheelchair, but this is a problem for 
outings as it difficult for her to 
manoeuvre kerbs, pavements. Very 
heavy when operated manually, 
especially when parents do not have a 
car with a tail-liftfor transport. (5042) 
The chair supports him now to sit 
properly and be able to hold his head up 
_and 
have good posture (5043) 
As the chair gets bigger, I have a very 
hard time now at kerbs and uphill roads, 
even when they're not steep. I think the 
chair could have a livelier look. An added 
plus of kneeblocks is that when people put 
my son in his chair they know he is not 
sitting correctly if the kneeblocks can't go 
_on 
(5045) 
To make a more attractive wheelchair and 
a bit lighter to push - all wheelchairs are 
so ugly looking (5048) 
*Roebug is another type of seating system, commonly used with younger children. 
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Summary and Discussion 
The results of the questionnaires to compare parents and therapists' views of their 
child's seating system showed interesting similarities as well as differences in the 
opinions of these two groups. Section I of the questionnaire consisted of questions that 
yielded ordinal or categorical data, which could be examined for difference using 
statistical analysis. Several areas of clinical importance - use of powered mobility or 
not, for example were shown to be significantly different for parents and therapists 
(question 5). This is important to note, but other questions yielded data that were 
interesting, and effect decision making in a clinical setting, but did not show a 
statistically significant difference - such as question 10 "The kneeblocks are easy to put 
on9ý. Similarities between the parents and therapists are also important. On two 
questions parents and therapists agreed completely. Furthermore, some of the 5-point 
scale questions showed similarities in very important areas for the child such as comfort. 
The commonality between parents and therapists was shown by the tick box questions in 
section 2, where parents and therapists agreed almost completely with the questions 
"Which other pieces of equipment does your child use", "Please tick the number of 
hours your child spends in the chair" and "How long has you child been using their 
current seating system". This agreement is important, and is possibly reflective of our 
participant groups, and the method for recruitment of participants. Their therapists 
asked parents whether they would like to put themselves and their children forward for 
this research project, and it would be rational to assume that these were people who had 
a reasonable relationship, with open lines of communication - or at least a lack of 
hostility. 
If we assume that the parents and therapists have a reasonable relationship, then the 
differences in opinion of the two groups is interesting and a cause for concern. Whilst 
section one showed some statistically significant differences between the two groups, in 
areas that were quite essential, section two yielded high quality information about 
differences in opinion that are likely to influence how the families involved use their 
seating systems. Parents and therapists both liked the postural management offered by 
the seating system, but therapists were more satisfied than parents. However, the 
qualitative section highlighted considerable differences between parents and therapists 
that are important to acknowledge. The parents would often indicate qualities of the 
chair that were important to them, which therapists would not mention - such as 
whether the child likes the chair, as well as how easy the system was to use. The 
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qualitative second section of the questionnaire elicited responses and differences that 
were not entirely apparent by yes/no and scaled questions alone. 
Parents were particularly concerned with the ease of use aspect of the seating system, 
which make managing the chair (and therefore their child) more difficult. Parents were 
also concerned about practicalities to do with the chair. These were not issues that 
therapists raised in either section. In conclusion, this study has highlighted some 
important differences between parents and therapists, in a group of respondents who are 
likely to agree with each other. The areas of concern highlighted in the piloting of the 
questionnaire, have been further emphasised in the main project. 
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Chapter 5: Pilot of Force Measurement Device 
Introduction 
In order to measure force applied through a kneeblock, a force measurement device was 
developed. This consists of strain gauges attached to the normal Icneeblock and was 
developed in conjunction with Kings College Hospital Medical Engineering and Physics 
Department shown in figure 5.24. The mechanical and electrical technical diagrams are 
shown in figures 5.25 - 5.28. 
Converted kneeblock 
Force measurement unit 
41 
Calibration Jig 
H 
Figure 5.24: Kneeblock force measurement unit, showing kneeblocks with strain gauges attached, 
sitting in a jig to ensure accuracy of child's own kneeblock to simulated pair and amplification unit. 
The force measurement device consisted of strain gauges that act by measuring change 
in voltage, and are arranged In a Wheatstone bridge. The Wheatstone bridge circuit 
(also called a resistance circuit) makes it possible to measure a resistance change by 
measuring a voltage change (figure 5.25). It consists of a source of electric current and 
a galvanometer that connects two parallel branches, containing four resistors, three of 
which had known resistance. One parallel branch contains one known resistance and an 
unknown. The other parallel branch contains resistors of known resistances. In order to 
determine the resistance of the unknown resistor, the resistances of the other three are 
adjusted and balanced until the current passing through the galvanometer decreases to 
zero. When the galvanometer is steady and set to zero, the Wheatstone bridge is 
balanced. In this case the kneeblock force measurement device needed 45 minutes to 
'warm up' or balance the resistors. Then the Wheatstone bridge is ready to measure 
small changes of resistance in a strain gauge. A strain gauge transforms strain applied 
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to (force applied to the kneeblock) it into a proportional change of resistance, measured 
by change of voltage, which is proportional to the force applied. 
n 
Figure 5.25: Illustration of a Wheatstone bridge arrangement, where R represents the resistors, 
and R1, R2 & R3 known resistors and Rg the active gauge to measure change in voltage. Vin is the 
input voltage and V,, ut is the output. The resistors input and output voltage so that the overall net 
output is zero and the system is balanced. 
One of the reasons for using a Wheatstone bridge, is that the strain or force applied to a 
kneeblock is small compared to forces measured in other capacities (for example impact 
of a car into a crash barrier), and the Wheatstone bridge is sensitive to small changes. 
The Wheatstone bridge arrangement is used to increase the sensitivity and stability of 
the measurement, for two reasons. Firstly, by comparing the difference between two sets 
of resistors, any small amounts of drift in each will be compensated for, implying that 
the resulting force/voltage comparison will be linear, that is if the force rises the voltage 
will rise at an equivalent rate. Secondly environmental factors such as temperature are 
accommodated for as it is the difference between the two sides is being measured, not 
the change in each resistor. This is particularly important as the measurements were 
being taken in children's own home and school and therefore the device needed to be 
stable and able to operate in a repeatable manner. 
The change in the voltage across the Wheatstone bridge is very small, so the signal is 
then amplified. These amplified voltages are proportional to the magnitude of the 
dynamic forces exerted on the front/anterior side of the kneeblock. The amplified 
voltage is fed into a commercially available laboratory data acquisition system 
(Biometrics LS 800) and digitally converted. Force is sampled 10 times per second, and 
the data acquisition system has a capacity of 4096 steps, and an output range of 5 volts. 
In order to convert the raw data to force some manipulation must be completed taking 
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into account the input to the data acquisition system (DAS) and the calibration 
measurement for the kneeblock force measurement unit, as detailed below: 
DAS output range 
DAS number of steps 
5/4096 
To convert Volts raw data to force units (Newtons) 
(1.22x 10-3 )(Raw data) v 
(Calibration measurement) WN 
5 volts 
4096 
1.22 x 10-3 
X Newtons 
Where the raw data is the arbitrary value (0-4000) within the biometrics system, and the 
calibration measurement is the voltage tested by the manufacturer at calibration of the 
circuit. 
The data was then downloaded into an excel spreadsheet on a laptop computer and 
manually converted to Newtons. The calibration measurement was in units of volts per 
Newton., and was the initial calibration figure of each force transducer, measured by 
Kings College Hospital Medical Engineering and Physics Department. This was 
slightly different for each side and the calibration measurement changed through the 
data collection period with the recalibration of the force measurement unit. This has 
been taken into account when downloading and converting the raw data. 
Figure 5.26 shows the power source of the kneeblock force measurement unit, showing 
the power supply in and out of the device. Figure 5.27 shows the rest of the electrical 
circuit, including the input from the Wheatstone bridge within the kneeblocks 
themselves. The system uses off the shelf amplifier and Wheatstone Bridge 
arrangements from RS Components Ltd (Northants, UK). Figure 5.28 shows a not to 
scale technical drawing of the kneeblock force measurement device. 
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So in summary, using a series of strain gauges fixed in a Wheatstone bridge 
arrangement, force acting through the kneeblocks is measured as a change in voltage, 
fed through a data acquisition system, digitally converted, and downloaded into a laptop 
computer where the signal is manually converted to force measurement units (Newtons). 
Mains In Step down Tran&f4@, rmer 
L fuse 
+15v 
N Power Supply Ov 
E Unit -15v 
PAU 
Chassis 
Figure 5.26: Schematic representation of Kneeblock force measurement device power supply. 
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Recovery 
Once the device was developed and calibrated by the manufacturer it was important to 
establish that the force measurement device was accurate. In order to ensure the 
measurement device is accurate, it is important to establish that there is a linear 
relationship between forces applied to the force transducer and the force measured by 
the force transducer - also known as the recovery of the device. This was performed for 
both instrumented kneeblocks, by applying calibrated weights and plotting this against 
the force measured and converted by the force measurement unit and conversion 
process. Force was applied to kneeblock stain gauges, using weights of mass 0.1 - 18 
kilograms (0.98 - 176.58 Newton's). Measured force was compared to applied force. A 
linear relationship was shown in both kneeblocks over range of approximately 0- 180 
Newtons. Recovery over this range is represented by the slope of the linear regression 
equation, which was 0.94 (94 %) With a standard error of 0.03 (0.3 %) on the right side 
(figure 5.29), and 0.93 (93 %) With a standard error of 0.05 (0.5 %) on the left side 
(figure 5.30). 
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Figure 5.29: Linear plot between Force measured and Force Applied - Right side 
Where 'r' (coefficient of the line) = 0.94 
114 
Recovery - Left side 
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Figure 5.30: Linear plot between force measured and force applied (Left side) 
Where 'r' (coefflcient of the line) = 0.93 
Reliability of Force Measurement Device 
Within day variation 
In order to measure vanability of the force measurement device, measurements at 0.1 
kilograms, I kilogram and 10 kilograms were taken and repeated 10 times over a penod 
of a day. Variation was measured by dividing the standard deviation by the mean. Both 
of these measurements were calculated using descnptive statistics on the SPSS statistics 
program. 
Mass N Minimum Maximu 
In 
Mean Std. Deviation Variation 
0.1 kg 10 16.00 26.00 20.60 3.534 0.17(17%) 
1 kg 10 190-00 227-00 208.60 13.31 0.06(6%) 
10 kg 1 10 
_ 
1 P329.00 2680.00 2446.10 110.93 1 0.05(5%) 
Table 5-21 -- Showing within d: kv variation over the period of one d: kv for the right kneeblock force 
measurement device 
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Mass N Minimum Maximum Mean Std. Deviation Variability 
0.1 kg 10 52.00 77.00 67.30 9.11 0.14(14%) 
1 kg 10 290.00 333.00 308.50 14.11 0.05(5%) 
10 kg 
I 
10 2239.00 
I 
2645.00 2398.10 115.27 0.05(5%) 
lable 5.22: Showing within day variation over the period of one day for the left kneeblock force 
measurement device 
10 % is accepted as an excellent variability measurement and 20 % is accepted as a 
good variability rate, then our variability is good - excellent, with accuracy improving 
as the weight/force increases, on both right and left sides (tables 5.2 1&5.22). 
Between Day Variation 
Having found an acceptable level of variation in the force measurement device over the 
course of a day, variability was then checked on two separate days to ensure 
consistency. The results are shown in table 5.23 and 5.24. Variability of the device was 
acceptable over 2 days for each individual side, although the left side showed higher 
variability at O. Ikg of weight than the rest of the weights measured on both days. 
However, the difference in variation over two days was 6% or lower. 0% is accepted as 
excellent variability and 20 % is a good variability rate, then our variability remains 
good - excellent between days. Accuracy improves as weight increases, on both right 
and left sides, for both within and between day variations. 
Mass Mean Mean SD SD Variation Variation Difference 
Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 
0.1 kg 20.60 29.00 3.53 3.13 0.17 0.11 0.06 
(17%) (11 %) (6%) 
1 kg 208.60 218.20 13.31 16.42 0.06 0.08 0.02 
(6%) (8%) (2%) 
10 kg 2446.10 2421.90 110.93 79.46 0.05 0.03 0.01 
(5%) (3%) (0.1 %) 
Table 5.23: Between day variation for right side of kneeblock force measurement device, together 
with the difference in variability, which was acceptable for all weights, but the device increases in 
accuracy when larger weights are measured. 
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Mass Mean Day Mean Day SD SD Variation Variation Difference 
1 2 Day I Day 2 Day I Day 2 
0.1 kg 67.30 89.80 9.11 16.91 0.14 0.19 0.05 
(14%) (19%) (5%) 
I kg 308.50 307.00 14.11 9.55 0.05 0.03 0.02 
(5%) (3%) (2%) 
10 kg 2398.10 2457.70 115.27 82.06 0.05 0.03 0.02 
(5%) (3%) (2%) 
Table 5.24: Between day variation for right side of kneeblock force measurement device, together 
with the difference in variability, which was acceptable for all weights, but the device increases in 
accuracy when larger weights are measured. 
In summary the method to measure force at the kneeblock was established and validated 
for recovery and reliability information, using weights applied versus weights measured. 
However this does not account for potential errors from off-axis forces. Off-axis forces 
are those that are applied at an angle to the force measurement device, however, the 
cantilever used to secure the kneeblock was flexible in the axial direction due to its 
geometric configuration, this error would be expected to be very small. 
Trial of force measurement device with children with cerebral palsy 
Having established accuracy of the force measurement device, 4 children with cerebral 
palsy from a residential school agreed to help in piloting the force measurement device. 
The children were aged between 8 and 12 years and attended a residential school for 
physically disabled pupils. Two of the four children had predominantly dystonic type 
cerebral palsy and two of the children had predominantly spastic type of cerebral palsy, 
although all four children had four-limb involvement. The children were seen at school 
in the physiotherapy gym on two separate days with either their physiotherapist or their 
classroom assistant present. 
Several force measurements were taken for each child whilst sitting still or performing 
an activity. Both conditions were analysed and compared, but for each child the force 
measurement data was inconsistent from day to day, so sitting still was the state chosen 
as this showed least variation. Figure 5.31 shows a graphical representation of one of 
the children with predominantly spastic type of cerebral palsy, showing force measured 
in Newtons on the Y-axis and Time in milliseconds on the X-axis. The upper pink line 
represents the left side of the kneeblock force measurement device and the lower blue 
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line is the right side of the kneeblock force measurement device. Looking at the graph, 
it appears that the participant is applying approximately 35-40 Newtons of force through 
the left kneeblock and only 0-5 Newtons of force through the right kneeblock. This may 
have been correcting pelvic rotation - the kneeblock that shows the most force may have 
been the one that is rotated forward from the pelvis and abducted by the kneeblock. 
However, when looking at the same child under sirrmlar conditions on the second day, 
the situation is almost reversed. Figure 5.32 shows the force applied through both left 
and right kneeblocks on day 2. In this case, the right kneeblock showed a higher force 
than the left kneeblock. Child one demonstrated the most obvious change from day to 
day, but none of the pilot children showed a variation of less than 20%. Oven the 
intrinsic reliability of the device, this suggests that factors relating to the child and/or the 
seating system might be responsible for such variability. 
Child 1, Day 1- Sit Still 
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Figure 5.31: Graph of force measured through left and right sides of the kneeblock, with force 
measured in Newton's on the Y-axis and time measured in milliseconds on the X-ax-is, for child 1, 
day I when sitting still. 
118 
Child 1, Day 2- Sit Still 
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Figure 5.32: Graph of force measured through left and right sides of the kneeblock, with force 
measured in Newton's on the Y-ax-is and time measured in milliseconds on the X-axis, for child 1, 
day 2 when sitting still 
Child one had a predominantly spastic type of cerebral palsy, which is predominantly 
high tone. Two of the children had a predominantly dystonic type of cerebral palsy, 
which involves variation in muscle tone from high to low, event in a static position. 
Child four showed a severe four limb form of dystonia, and so the graphical 
representation of their force applied through a kneeblock is shown in Figures 5.33 & 
5.34. The difference between the children with predominantly spastic muscle tone 
versus predominantly dystonic muscle tone is interesting, as there are periods of 
instantaneous variation for the second child. This leads to the question of analysis of the 
final force data, and what it is most correct to analyse. From both sets of data, it appears 
that the forces measured over the whole time of data collection may not be the most 
useful set of information, so in addition to statistics performed over the whole time span, 
a 'steady state' force will also be analysed. A steady state force was defined as the force 
applied during a period of stability within the individual experimental period. It was 
further defined as a stable period where the standard deviation was less than 4 Newtons. 
In some cases the steady state force was extremely short, due to the movement of the 
children - either involuntary or voluntary. Therefore, the time that the stable period 
varied from participant to participant, depending mainly on their movement patterns and 
ability to sit still. 
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Figure 5.33: Graph of force measured through left and right sides of the kneeblock, with force 
measured in Newton's on the Y-axis and time measured in milliseconds on the X-axis, for child 4 
(with 4 limb, dystonic type of cerebral palsy), day 1 when sitting still 
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Figure 5.34: Graph of force measured through left and right sides of the kneeblock, with force 
measured in Newton's on the Y-axis and time measured in milliseconds on the X-axis, for child 4 
(with 4 limb, dystonic type of cerebral palsy), day 2 when sitting still 
It is also interesting to note, that although the way in which the forces look is different 
for children with different types of cerebral palsy, the inconsistency from day to day was 
present for all participants. Figure 5.35 (day I) shows that for the data collection period, 
the right side was predominantly higher than the left side, whereas in figure 5.36 (day 2) 
shows that the left force applied is consistently higher than the right force. 
However the results from the pilot with children wth cerebral palsy was not 
satisfactory, All of the pilot children showed inconsistency in the forces measured over 
a 2-day period, both in magnitude and direction. This could be due to the effect of the 
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instrument, and some error here could be expected. However, the kneeblock force 
measurement device was quite accurate for weight applied to force measured, and had 
acceptable within day and between day variations. In order to check the instrument 
effect, and further test the premise for using the kneeblock force measurement device, 
the device was trialled with children who did not have cerebral palsy. 
Piloting of force measurement device with typically developing 
i ren. 
Seven children without disabilities were identified for the pilot study. Their parents, 
who were colleagues in the neurodisability service at Great Ormond Street Hospital for 
Children NHS Trust volunteered the children, and verbal assent was given by each 
parent. They were shown the parent and child information sheet of the main project and 
a standard consent form. All the children understood the study and verbally consented to 
take part in piloting the kneeblock force measurement device and other measures. They 
ranged in age from 4 to 12 years of age, and spent a morning or afternoon session using 
the special seating system. Data was collected at several different points during the 
session. 
Participant Minimum 
(Newtons) 
Maximum 
(Newtons) 
Mean Standard 
Deviation 
Increased 
Variation 
Variation 
001 47.19 77.62 64.65 13.14 Left 0.20(20%) 
002 49.69 65.84 56.57 7.159 Left 0.13(13%) 
003 90.16 91.28 90.72 0.79 Right 0.01(i %) 
004 23.80 26.68 25.24 2.04 Right 0.08(8%) 
005 19.09 26.46 22.34 3.47 Left 0.16(16%) 
006 35.95 41.41 37.36 2.70 Left 0.07(7%) 
007 41.41 50.38 45.20 4.64 Right 0.10(10%) 
TOTAL 48.87 4.85 0.1(10%) 
Table 5.25: Showing variation over several data collection points over the period a morning or 
afternoon session for children without disability 
Table 5.25 shows the range of data for each of the children without disability. Except 
for one participant, variability was not shown above 20% in any of the children. Overall 
variability was equal to 10%, which is a satisfactory result. The reliability of the device 
used in a seating system was judged satisfactory enough to allow the force measurement 
device to be used in the main study. It seems that the variability is a characteristic of 
children with cerebral palsy, and this was not taken into consideration when the seating 
system was designed along biomechanical principles, 
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Summary and Discussion 
The kneeblock force measurement device was developed in conjunction with Kings 
College Hospital Medical Engineering and Physics Department. It consists of a series 
of strain gauges arranged in a Wheatstone bridge arrangement to increase the sensitivity 
of the deformation of the strain gauge. 
Once developed and calibrated by the medical engineering and physics department, the 
device was checked to ensure that it was measuring force accurately. Figures 5.29 & 
5.30 show plots of linear regression of the right and left sides of the kneeblock 
measurement device, using calibrated weights, measured 10 times over the course of a 
day. The variability of the machine was acceptable, with a variability of less than 0.20 
(20%) for the smaller weights and less than or equal to 0.10 (10%) for the larger, or 
more typical weights. This indicates an acceptable level of variability. However there 
was some difference in repeatability between the left and right kneeblocks for the 
smaller weights, which may be a consideration. The difference is small however, and 
unlikely to cause the difference in results that were shown comparing average force. 
Tables 5.23 & 5.24 show the between-day variation for both left and right sides, over 
weights between 0.1 and 10 kg. Again, larger variations are shown for smaller amounts 
of weight, with the variability consistently acceptable for larger weights of I and 10 kg, 
which is the degree of force expected to be exerted through a kneeblock. 
The kneeblock force measurement device was then piloted over a period of 2 days with 
4 children with various types of cerebral palsy. Although the device had been shown to 
be accurate in what was essentially a laboratory setting, the results with the 4 pilot 
children were disappointing. No consistency was seen between the two days or between 
the children. As the kneeblock force device was shown to be inherently reliable and 
stable, and as the pressure measurement device has published reliability, the implication 
is that it is the properties of the children themselves or the seating system that causes 
this variability. This required further investigation. 
The inconsistency of the force measurement device with children with cerebral palsy 
then led to a further study to examine the variability or repeatability of the force 
measurement device, using children without disability. One of the purposes of using 
children without disability is to measure the effect of the measurement tools, and this 
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was done here. Table 5.25 shows the results of children without disability over the 
course of a morning or afternoon session that were measured using the kneeblock force 
measurement device. Apart from one participant, the variability was less than 0.2 
(20%), and overall variability was very good (10%). The variation of the different sides 
of kneeblock was indicated, and showed that of 7 participants, the left kneeblock was 
more reliable than the right kneeblock force measurement device for 3 participants, 
while the right kneeblock force measurement device was more reliable than the left for 4 
participants. 
The kneeblock force measurement device was shown to be accurate with both weight 
and children without disability. There was no difference in reliability between left and 
right sides, and the overall level of accuracy was sufficient to proceed with data 
collection on this research project. 
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Chapter 6: Results from Force Measurement Device 
Introduction 
The purpose of this chapter is to present the results of force applied through the 
kneeblock force measurement device in the controlled trial (see chapter 2). The value of 
the device is to give an objective measurement of the force exerted on the children by 
the kneeblock. This has never been measured before. This enabled analysis of the 
kneeblock and sacral pad arrangement, determine the levels of force commonly exerted 
through a kneeblock and enable biornechanical analysis of the children's bodies in the 
kneeblock. 
The instrumented kneeblock continuously measured the forces applied through the left 
and right femora (figure 6.37). This was then analysed over the total time period (total 
force) and over a period of time when the force was in a steady state (steady state force). 
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Figure 6.35: Graphic representation of continuous force measurement 
Experimental Design 
Each individual was examined six consecutive times. Visit I and visit 2 comPnsed a 
"run-in" peniod with kneeblocks M place. Visit 3 was immediately before the 
kneeblocks were removed for varying periods of time (20-31 days). Visit 4 was 
immediately after the kneeblocks were reapplied and visit 5 and visit 6 comprised a 
"run-out" period, designed to see whether removal of the kneeblocks had longer lasting 
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effects. The gap between each measurement visit was approximately 3 weeks. The 
researcher arrived at the visit approximately one hour before seeing the child in order 
for the Wheatstone bridge attached to the kneeblock to reach equilibrium. Each child 
was then seen for a period of approximately 45 minutes. 
This is a complex research design looking at up to 24 different measures. At each visit, 
the individual was examined during 3 tasks: sitting still, a looking task and an upper 
limb task. Not all of the children were able to complete all three tasks, due to physical, 
developmental or attention difficulties. All the children were able to sit still, however 
many of the children were not able to perform the looking task or the reaching task due 
to physical and developmental limitations, therefore the data that has been examined is 
that acquired while sitting still. 
Analysis 
Results were analysed using Analysis of Variance (ANOVA). In this technique, 
variance, which is measured as the sum of squared deviations from the mean (SS) is 
partitioned into an overall (or total) sum of squared deviations (SST) and a within group 
(or residual or error) sum of squared deviations (SSE). The between group (or effect or 
model) sum of squared deviations is SSM ---: SST - SSE- Mean squares (MS) can be 
calculated from SS by dividing by the degrees of freedom. The ratio MSm/MSE is a 
measure of systematic variation compared to random variation. This is termed the F- 
ratio and can be tested for significance using the F-test. 
Because individual participants were examined sequentially, we chose a repeated 
measure ANOVA and calculated this using general linear modelling. This approach 
assumes 'sphericity' of the data, rather than 'normality'. Sphericity occurs when the 
variances of the differences between each group are equal. and it is determined in this 
project using Mauchley's test for sphericity. When sphericity is violated, results may be 
erroneous. However, correction factors can be applied to conservatively adjust the 
degrees of freedom used to calculate the statistical significance of the F-ratio. In this 
case, the Greenhouse-Geisser (1959) estimate (known as 6) was used when sphericity 
was violated. F, varies between Ilk-1, (where k is the number of repeated measures) 
and I (Field, 2000). A further option, although with less power for small numbers of 
individuals is to use multivariate statistical techniques (MANOVA) to simultaneously 
test the significance of universally repeated measures. This avoids the assumption of 
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sphericity and is also presented here. One of the limitations of using both univariate and 
multivariate techniques is that they will occasionally differ in significance. In this case, 
the repeated measures significance should be interpreted as the correct value, because of 
the small subject numbers. According to Field (2000), the multivariate (MANOVA) 
technique should not be used if n is less than (a+10) where 'a' is the number of repeated 
measures, and that the univariate (repeated measures ANOVA) is more powerful for 
smaller numbers, on the condition that sphericity is not largely violated. The following 
data does conform to the minimum requirement for MANOVA, but by a very small 
margin. Thus MANOVA and Repeated Measures ANOVA were both used, with the 
univariate technique taken as the most appropriate when the levels of significance differ 
by a large margin. 
Time 
The data was collected for a period of time dependent on how long the participant was 
sitting still initially, with a minimum of 13.30 seconds and a maximum of 117.30 
seconds. The variation is due to compliance of the participants and participant's carers, 
familiarity of the examiner with the participant and tools, environmental and time 
restriction factors. A summary of the time range is shown in figure 6.36. The total 
collection times increased over the 6 visits, in particular at visits 4,5 &6 as the 
participant became more relaxed with the researcher. 
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Figure 6.36: Error bar plot of time range for collection of force data over the total time. 
The box represents the mean of the group, and the bars represent the 95 % spread of 
scores. In this case n=21 
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Steady state force was also measured. Steady state force was defined as a stable period 
where the standard deviation was less than 4 Newton's. The time varied from 
participant to participant. A summary of the time for which the steady state force was 
collected over the 6 sessions is shown in figure 6.37. 
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Figure 6.37: Error bar plot of Collection Times for Steady State Force. The box represents the 
mean of the group, and the bars represent the 95% spread of scores. In this case n=21 
The time for the steady state force varies from 2.40 seconds (minimum), and 77.20 
seconds (maximum). This variation is due to the difference in movement patterns of the 
participants, as well as their co-operation. Figure 6.37 shows that for the group as a 
whole, their ability to sit still (which is required for a steady state) improves and reaches 
a maximum at visit 3, when the kneeblocks are removed. Visit 4, when the kneeblocks 
are replaced shows a return to pre-intervention steady state, which increases over the 
following 2 visits. The steady state forces were defined on an arbitrary basis, following 
visual inspection of the data. It was not the ideal situation, but an attempt to find the 
most stable period. However, in many cases this steady state was extremely short, as 
the children moved within the system, due to comfort, the difficulties with their 
movement disorder, boredom, or a combination. 
Derinition of Forces 
As the force exerted on children by a kneeblock has never been measured before, it was 
important to explore different types of force over both the total data collection time and 
the steady state. Combined force is the average of the left and right kneeblock forces. 
Differential force is the difference in quantity between the left and right kneeblock 
readings. Values from the right kneeblock and the left kneeblock have further been 
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reported individually. Finally maximum force, that is the highest amount of force 
measured over the data collection period for each visit has been reported. 
Combined Force 
The data set consists only of those panicipants who completed all of the 6 data visits 
and completed the kneeblocks off period, replacing their kneeblock after 3-4 weeks and 
21. 
Sphericity was not violated for average total combined force (Mauchley's Test of 
Sphericity, p= 0.34). Repeated measures ANOVA showed FIOO, _5= 
2.88, p=0.02, a 
highly significant difference in mean total combined force over time. Within-Subjects 
contrasts (between different visits or time points) showed that the difference was 
statistically significant between Time 3 and Time 4 (F2o,, = 7.15, p= 0.02) as well as 
between Time 5 and Time 6 (F20,1= 5.11, p= 0.04). MANOVA also showed a significant 
result (F'16, _5= 
3.54, p= 0.02). The data is illustrated in figure 6.38, which shows a box 
and whisker plot summary of the data. 
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Figure 6.38: Box and whisker plot of the total combined forces during the study period. The 
horizontal line in the box is the median, the lower and upper ends of the box represent the lower 
and upper quartiles, and the horizontal lines at the lower and upper vertical tine represent the 2.5 
and 97.5 percentiles. 
When examining steady state force, sphericity was not violated (Mauchley's test of 
sphericity (p= 0.332), however repeated measures ANOVA (FIOO, 5= 2.22, p= 0.06) does 
not show a statistically significant result in this instance - although there is a tendency 
towards significance. Looking at the within subjects contrasts, there is a sigruificant 
difference (h'? o,, = 6.562, p= 0.02) between time 3 and time 4. MANOVA is consistent 
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with the repeated measures results not attaining significance (F]6,5= 2.54, p= 0.07). 
These results are illustrated m Figure 6.39. 
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Figure 6.39: Box and whisker plot of the steady state forces during the study period. The horizontal 
line in the box is the median, the lower and upper ends of the box represent the lower and upper 
q uartfles, and the horizontal lines at the lower and upper vertical line represent the 2.5 and 97.5 
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It is interesting to note the difference in significance between total and steady state 
combined force. It would be logical that if the total combined force showed a 
significant difference throughout the intervention then it would follow that steady state 
force may show a significant result also, however this was not the case. 
Difference between Left and Right Forces 
The next area explored was the difference between the left and right sides. Given the 
theoretical correction of pelvic rotation of the sacral pad and kneeblock system, a 
significant difference might have been expected following a period without the 
kneeblocks. When looking at the difference between left and right sides over the total 
data collection period, sphericity is not met (p< 0.0 1, Mauchley's test of sphericity), and 
a Greenhouse-Geisser estimate is used (F- = 0.22). A non-significant result was found 
using repeated measures ANOVA (Fjjo, 5= 1.54, p= 0.23). A non-significant result was 
shown using MANOVA (F, 8,5= 0.93, p= 0.49). This is illustrated in figure 6.40. 
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Figure 6.40: Box and whisker plot of the difference between tight and left forces (right minus left) 
over the total time for any given data collection visit during the study period. The horizontal tine in 
the box is the median, the lower and upper ends of the box represent the lower and upper quartiles, 
and the horizontal tines at the lower and upper vertical line represent the 2.5 and 97.5 percentiles. 
Having looked at the difference between sides for the total force, it is interesting to 
repeat the analysis looking at the differences between left and right sides during a steady 
state. Sphencity was violated (Mauchley's test of sphencity p< 0.01), and it was 
appropnate to use a Greenhouse-Geisser correction (F, = 0.22). The results of repeated 
measures ANOVA (FI00_5= 1.44, p= 0.23) for the steady state difference, is not 
significant. MANOVA (F22,1 = 1.00, p= 0.18) found a not significant result for the 
difference between the left and right forces measured through the kneeblocks in a steady 
state (Figure 6.41). For both average and steady state force it is interesting to notice the 
wide range of differences. 
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Figure 6.41: Box and whisker plot of the difference between left and light forces in a steady state 
for each data collection visit during the study period. The horizontal line in the box is the median, 
the lower and upper ends of the box represent the lower and upper quartiles, and the horizontal 
lines at the lower and uppervertical line represent the 2.5 and 97.5 percentiles. The circles 
represent the outliers. 
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It is interesting to note a number of outliers in both figures 6.40 and 6.41 and these have 
been further explored usmg bi am I as well as correlationvAith. the iornech ical case studies, 
results from the pressure and postural measurement data (chapters II& 12). 
Right side Force 
For average of the right side force over the total time, sphericity is violated (Mauchley's 
test of sphericity, p= 0.02), so the Greenhouse-Geisser correction for significance (s = 
0.68) is used to adjust the degrees of freedom of the F ratio. The result of the repeated 
measures ANOVA (FIOO, 5= 2.06, p= 0.11) shows no significance. However results of 
MANOVA (F]6,5= 6.63, p= 0.002) do show a significant difference. When looking at 
the tests of contrasts between visits (within subjects' contrasts), there does appear to be a 
significant difference between time 3 and time 4 (p= 0.04)(see figure 6.42) and time 5 
and time 6 (p= 0.004)(see figure 6.42). Because sphericity has been violated it is 
inappropriate to draw any conclusion from this result. Furthermore, viewing the box 
and whisker plot shown in figure 6.44, the median of time 3 and time 4 was almost 
identical, justifying the use of the more powerful repeated measures ANOVA as the 
most correct result. 
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Figure 6.42: Box and whisker plot of the average force for the right side only over the total data 
collection time for each visit during the study period. The horizontal line in the box is the median, 
the lower and upper ends of the box represent the lower and upper quartiles, and the horizontal 
lines at the lower and upper vertical line represent the 2.5 and 97.5 percentiles. The circles 
represent the outHers. 
Examining steady state force average for the nght side, sphencity was not violated (p= 
0.22, Mauchley's test of sphericity), however the repeated measures ANOVA ([-'100.5::::::::: 
1.62, p= 0.16) does not show overall significance. However, looking at the within 
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subjects contrasts, there does appear to be a significant difference between time 3 and 
time 4 (F20,1= 4.53, p= 0.05)(figure 6.43) 
(FI6,5= 2.97, p= 0.04). 
120 
0 
i oo 
Z 
80 
(0 
U) 60 
40 
0 LL 20 
0 
MANOVA showed a significant result 
21 21 21 21 21 -1 
VISIT1 VISIT2 VISIT3 VISIT4 VISIT5 VISIT6 
KB OFF - Kneeblocks 
removed for intervention 
period 
KB ON - Kneeblocks replaced 
Figure 6.43: Box and whisker plot of the average force for the right side only during steady state 
data collection time for each visit during the study period. The horizontal line in the box is the 
median, the lower and upper ends of the box represent the lower and upper quartiles, and the 
horizontal lines at the lower and upper vertical line represent the 2.5 and 97.5 percentiles 
Left Side Force 
For total force average on the left side, sphericity was not violated (p= 0.66, Mauchley's 
test of sphericity), and repeated measures ANOVA (F, 00,5= 2.94, p= 0.02) shows a 
highly significant result. Further-more, looking at tests of within subjects contrasts, 
significant results are shown between time I and time 2 (F2o,, = 7.46, p= 0.01) and 
between time 3 and time 4 (F20,1=4.79, p= 0.04). However, MANOVA, shows a non- 
significant result for the same data (F]6,5= 2.30, p= 0.09), which may perhaps be 
explained as multivariate techniques more likely to miss a significant effect for smaller 
numbers (Field, 2000). These results are illustrated in a box and whisker plot (figure 
6.44). 
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Figure 6.44: Box and whisker plot of the average force for the left side only during steady state 
data collection time for each visit during the study period. The horizontal line in the box is the 
median, the lower and upper ends of the box represent the lower and upper quartiles, and the 
horizontal lines at the lower and upper vertical line represent the 2.5 and 97.5 percentiles 
Sphericity can be assumed for steady state average force on the left side only 
(Mauchley's test of Sphericity, p=0.54), and repeated measures ANOVA (Floo, 5= 2.319, 
p= 0.05) also shows a significant result. There is a significant result shown between 
visit I and visit 2 (F2o,, = 5.99, p= 0.02), which for both total force and steady state force 
may be attributed to a placebo effect. However, between visit 3 and visit 4, unlike total 
average force on the left side, steady state force does not show a significant result, 
(F20,1= 4.22, p= 0.05), although the result is approaches significance. MANOVA shows 
an insignificant result (F]6,5= 1.8 8, p= 0.15), which is consistent with the total average 
force for the left side shown previously. The results of the steady state force (left side 
only) are shown in figure 6.45. 
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Figure 6.45: Box and whisker plot of the average force for the left side only during steady state 
data collection time for each visit during the study period. The horizontal line in the box is the 
median, the lower and upper ends of the box represent the lower and upper quartiles, and the 
horizontal lines at the lower and upper vertical line represent the 2.5 and 97.5 percentiles 
Maximum Force 
The final measure of force analysed was maximum force. According to the theory 
behind using a sacral pad and kneeblock device, we should see a difference between left 
and right sides, particularly after the intervention (kneeblocks) have been removed for a 
period of time. However this was not the case with either total or steady state force. As 
maximum force is an extreme, the differences between the left and right sides might 
have shown a significant difference. Additionally maximum force may enable a 
judgement regarding the possible impact of the force on the child's bony structure (hip 
joints in particular). When looking at the data on repeated measures ANOVA, sphericity 
is met (Mauchley's test of sphericity, p= 0.34). The result of repeated measures 
ANOVA (F]10,5: = 0.55, p= 0.74) shows a non-significant result. MANOVA further 
shows a non-significant result (FI8,5=0.51, p= 0.76). The results of the difference 
between the maximum forces measured over the total time are shown in figure 6.46. 
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Figure 6.46: Box and whisker plot of the average force for the difference between maximum forces 
of left and right sides over the total data collection time for each visit during the study period. The 
horizontal line in the box is the median, the lower and upper ends of the box represent the lower 
and upper q uartiles, and the horizontal lines at the lower and upper vertical line represent the 2.5 
and 97.5 percentiles. The circles represent the outlying values and the stars the extreme outlying 
values. 
The difference between the maximum left and right force in the steady state violates 
sphericity (Mauchley's test of sphericity, p< 0.0 1), and a Greenhouse-Geisser correction 
for significance (F, = 0.23) is used to adjust the degrees of freedom of the F ratio. This 
category shows a non-significant result (FIlo, 5= 1.19, p= 0.32) on repeated measures 
ANOVA, and on all between levels contrasts. MANOVA (F, 8,5= 0.76, p= 0.59) also 
shows a non-significant result. This is illustrated m figure 6.47. 
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Figure 6.47: Box and whisker plot of the average force for the difference between maximum forces 
of left and right sides during a steady state data collection time for each visit during the study 
period. The horizontal line in the box is the median, the lower and upper ends of the box represent 
the lower and upper quartiles, and the horizontal lines at the lower and upper vertical line 
represent the 2.5 and 97.5 percentiles. The circles represent outlying values. 
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On both total and steady state differences between the maximum forces no significant 
difference was shown between any visit, including the intervention period. However, it 
is interesting to note the outliers, in both graphs, and further analysis of those 
participants is indicated. 
Maximum Force - Right Side 
For the maximum over the total time for each visit for the right side, sphericity is met 
(Mauchley's test of sphericity, p= 0.10). The results of the repeated measures ANOVA 
(F, 100,5=0.49, p= 0.78) show no sigmficance throughout the trial, and no significance is 
shown in the within subject contrasts. This is shown in figure 6.48. 
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Figure 6.48: Box and whisker plot of the maximum force for the right side only over the total data 
collection time for each visit during the study period. The horizontal line in the box is the median, 
the lower and upper ends of the box represent the lower and upper quartiles, and the horizontal 
lines at the lower and upper vertical line represent the 2.5 and 97.5 percentiles. The circles 
represent the outlying values and the stars the extreme values. 
Maximum Force - Left side 
Maximum force for the left side assumes sphericity (Mauchley's test of sphericity, P= 
0.58) and shows a significant result on repeated measures ANOVA (F, 00,5= 2.49, p= 
0.04). When viewing the different levels of within subjects contrasts, there are 
significant results between time I and time 2 (F20,1= 6.07, p= 0.02) for which we can 
suggest a placebo effect, and between time -3) and time 4 
(F2o, I=4.4 1, p= 0.05), which is 
likely to be an effect of the intervention (removing the kneeblocks). This is illustrated 
in figure 6.49. 
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Figure 6.49: Box and whisker plot of the maximum force for the left side only over the total data 
collection time for each visit during the study period. The horizontal line in the box is the median, 
the lower and upper ends of the box represent the lower and upper quartiles, and the horizontal 
lines at the lower and upper vertical line represent the 2.5 and 97.5 percentiles, and the circle 
represents outlying values. 
Discussion 
The hypothesis for all the force states is that there would be a significant difference in 
force between time 3 and time 4- before and after the removal of the kneeblocks for a 
short period of time. This sigmficant result was shown in the total average combined 
force and the total average force measured on the left side, but not the total average 
force measured on the right side. When looking at steady state force, again the steady 
state force measured on the left side demonstrates a significant result, but the combined 
steady state force does not yield significance. The average steady state force further 
does not show a significant result. Furthermore, there are no sigmficant changes over 
the time and intervention period for maximum force. Differential force again measured 
over total time or in steady state also shows no significant difference. 
Table 6.26 shows a summary of the p values to illustrate this. In the first column the 
category of force is shown, and the second and third column illustrates the p value for 
each of the repeated measures ANOVA. 
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Force Total Collection Time Steady State 
Average Force 
(Right and Left combined) p=0.02* p=0.06 
Average Right Side Force 
p=0.10 p=0.16 
Average Left Side Force 
p=0.02* p=0.05* 
Difference between Right and 
Left Forces p=0.23 p=0.25 
Difference between Maximum 
Right and Left Forces p=0.74 p=0.29 
Maximum Force Right Side 
p=0.78 n/a 
Maximum force Left Side 
p=0.04* n/a 
Table 6.26: Showing a summary of the significance testing results (p values) for each of the force 
categories analysed and presented. Those items that showed significant differences throughout the 
study are marked by*. 
The significant differences shown for overall combined force and on the left side 
indicate that there is a change bought about by the removal of the kneeblock. However 
this is not true for the right side. The difference between left and right force must be 
explored further. Instrument effect has been accounted for (Chapter 5). It is likely that 
the difference is a characteristic of the children themselves. The statistically significant 
differences in the left side force are consistent, both when taken over the total time and 
the steady state data collection time, whereas the right side is not statistically significant 
for any of the conditions. It suggests that the asymmetry around the hips is different for 
the children with cerebral palsy in this research project, who may to have more 
involvement of their left side. Furthermore, the significant changes on the left side 
show a reduction in force exerted through a kneeblock for children with cerebral palsy. 
The not significant results for differential force, for the total time, steady state and 
maximum forces are of concern, as a difference would be expected if the kneeblock and 
sacral pad arrangement were correcting pelvic rotation and/or pelvic tilt. This does not 
appear to be the case, but the force results will have to be further analysed with the 
pressure and postural data. Furthen-nore, although not statistically significant, all the 
forces reduce at visit 4 following the replacement of the kneeblock after its removal for 
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a period of time. This is unexpected, as if the kneeblocks were making a positive 
change, the forces should increase following period of removal. The reduction in forces 
following replacement of the kneeblock suggests that the children may be 
accommodating to the kneeblocks, and using them as a support, rather than an active 
intervention. This is improved by removal of the kneeblock and is carried over to visit 
5, although returns to nearly pre-removal levels at visit 6. 
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Chapter 7: Measurement of Pressure exerted on the Sacral 
Pad 
Introduction 
In order to examine the theory behind the use of sacral pad and kneeblock systems, a 
force measurement device has been developed in order to measure force applied through 
a kneeblock. However, according to the theory, there should be a relationship between 
force measured through a kneeblock and pressure measured at the sacral pad. In this 
instance, it was not possible to develop two new force measurement devices, so an 
alternative was found in the form of a standard skin interface pressure monitor - the 
Oxford Pressure Monitor JPM-12) (Talley Group Ltd, Hants, England). Force and 
pressure are proportional to each other, so it would be reasonable to suggest that force 
measured through a kneeblock and pressure measured at the sacral pad would be also 
proportional to each other, if there were a relationship between the kneeblock and sacral 
pad in correcting pelvic posture and position. 
The Oxford Pressure monitor (IPM-12) is a commercially available device that 
measures the pressure between skin and the surface that the skin contacts. The monitor 
is one of several on the market that has been designed to measure the pressure between 
skin tissue and the support media such as a chair, bed or sacral pad within the range of 0 
- 300 mm Hg (equivalent range is 0- 40 kPa). Recently, the monitor has been used for 
measuring pressures under compression bandages and pressure garments - such as those 
used to treat oedema in a lower limb (Finnie, 2000). The Oxford pressure monitor 
measures pressure by observation of the pressure flow characteristics of small pulses of 
air. It has twelve plastic sensors that inflate with air and simultaneously record 
pressures at 12 individual sites (Swain & Bader, 2002). It has been chosen to record 
pressure at the sacral pad in order to establish the relationship between the amount of 
force exerted through the kneeblock and pressure at the sacrum. 
This may seem unrelated, however, adaptive seating systems provide functional support 
to the musculoskeletal system of the body will transmit forces through the soft tissues. 
The force, when applied across specific contact areas cause stress of the soft tissues, and 
if prolonged can cause tissue breakdown and ulceration (Bader, 1990). One way to 
help determine risk of pressure sores in the adult population is the use of pressure 
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measuring systems (Bader et al, 1985, Bar, 1991, Ferguson-Pell & Cardi, 1993, Gyi et al 
1998, Koo et al. 1996, Sugama et al. 2002, Swain & Bader, 2002). It should be noted 
that paediatric pressure care, although related, is a different field to adult pressure care 
and very limited evidence to support the use of preventative strategies exists (Sims & 
McDonald, 2003). 
The development of accurate pressure measurement systems is ongoing, and various 
authors have advocated different systems, although to date there is no agreed 'gold 
standard'. There have been few reported comparisons of different pressure-measuring 
systems relevant to this project. Allen et al. (1993) investigated the repeatability and 
accuracy of the Talley SA500 Pressure Evaluator, with both the 28 mm and 100 mm 
sensor pads (Talley Medical, Romsey, Hants, UK). They compared this to the DIPE 
(Next Generation Co. Inc., CA, USA) and found the Talley 28 mm sensor was the most 
accurate (Allen et al. 1993). Ferguson-Pell and Cardi (1993) compared 3 systems, 
including the Talley Pressure Monitor. The TPM was the most accurate, stable and 
reproducible of the systems, but was limited in its ease of use, speed and data 
presentations (Ferguson-Pell & Cardi, 1993). Gyi et al (1998) undertook a detailed 
critique of the TPM, a more recent derivative of the Oxford Pressure Monitor (Bader et 
al. 1986), and found good correlation with the Talley SA 500. Several other authors also 
found the Oxford Pressure Monitor adequate and reliable enough for their study (Koo et 
al. 1996, Stockport et al, 1997). However, two major disadvantages were shown - 
firstly data is not collected in real time, and secondly if only 75% of the sensor was 
covered, then the reading obtained was 82% of the correct value (Swain & Bader, 2002). 
The Oxford Pressure Monitor was chosen for its reliability, and the size of the pressure- 
sensing array for this research project. 
Further advantages of using the oxford pressure monitor are that the 12-cell matrix is the 
correct size to cover the height and 2/3 of the width of the sacral pad. The 
characteristics of the sensor themselves were important as the 12 cell sensing array 
could be secured by the edges to the sacral pad by double sided tape, which did not 
effect the cells themselves. Furthermore, the system itself is 'portable' as a whole. The 
pressure monitor is self containing, it has it's own microcomputer that can store data 
from 3500 sub stores, is battery powered, so does not require an electrical supply. 
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The sacral pad itself is made of high-density foam. In order to ensure that there is a 
constant area for the pressure-sensing array, a modification was made whereby a 
thermoplastic sheet exactly moulded to the shape of the sacral pad covered the sacral 
pad. Over this is placed the 12-cell pressure-sensing array. Initial trial of the pressure 
sensing array placed over the sacral pad showed that the device was more sensitive in 
detecting minor differences in skin interface pressure due to belt loops, pant Imes and 
clothes than was required. One average pressure was desirable in order to compare the 
pressure measured at the sacral pad with the force applied through a kneeblock, and as 
reported previously, the accuracy of the device reduces, as the cells are not covered. In 
order to ensure that the cells were 100% covered, and that there was an even distribution 
of pressure a gel pad was placed over the 12 cell-sensing array (figure7.50). 
Figure 7.50: Picture of sacral pad, modified by placing a molded thermoplastic sheet over the foam 
pad, with the 12 cell pressure sensing array secured by two way tape and with a gel pad to ensure 
consistency of the surface area over the sacral pad, attached by means of Velcro. 
Calibration of Pressure Measurement Device 
The pressure measurement device uses air *in a circuit that is opened and closed for each 
cell individually. This then displaces a resistor and generates a signal in voltage (figure 
7.5 1). The device has its own microcomputer as integral and this converts voltage to a 
digital measurement in pressure (millimetres of Mercury (mm Hg). The system has one 
major sensing input that is multiplexed to each of the 12 sensor ports (or cells) in turn. 
Therefore their needs to be calibration of the entire pressure detection circuit as well as 
calibration of each of the 12 cells. 
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Figure 7.51: Diagram of circuit for the pressure measurement device, taken from instruction 
manual for IPM-12, Oxford Pressure Monitor (Talley Medical, Romsey, Hants). 
Calibration of the interface pressure detection circuit 
The pressure measurement device has an overall sensing input, which is calibrated using 
one cell. The pres sure- sensing pad is placed into a calibration chamber. The calibration 
chamber is a metal unit in which the pressure pad can be completely flat, and an 
inflatable bladder is used to regulate the pressure. The pressure is measured by a 
sphygmomanometer. The cell set is placed in the calibration chamber and the pressure 
reduced to zero. The pressure in the chamber is then increased to 300 mm Hg using the 
sphygmanometer to measure the pressure. In order to ensure consistency this process is 
repeated. Each of the individual cells must then be re-calibrated. 
Calibration of the cells 
Using the calibration chamber and inflatable bladder, the pressure sensing mat is placed 
in the chamber and pressure reduced to zero. The bladder is then reinflated to 300 mm 
Hg, and the maximum pressure for the cell is set. The bladder is then deflated to zero 
pressure and minimum value is set. This process was repeated for each individual cell. 
Calibration of the pressure measurement circuit and the cells in the pressure-sensing 
array was performed several times over the course of the data collection period in order 
to ensure pressure data remained accurate. 
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Image removed due to third party copyright
Pilot with children with disabilities of Pressure Measurement Device 
The same four children with cerebral palsy from a residential school agreed to help in 
piloting the pressure measurement device, as well as the force and postural measures. 
The children were aged between 8 and 12 years and attended a residential school for 
physically disabled pupils. Two of the four children had predominantly dystonic type 
cerebral palsy and two of the children had predominantly spastic type of cerebral palsy, 
and all children had four-limb involvement. The children were seen at school on two 
separate days with either their physiotherapist or their classroom assistant present. 
Several pressure measurements were taken for each child whilst sitting still or 
performing an activity. Children were analysed and compared, but for each child the 
pressure measurement data was inconsistent from day to day, so sitting still was the state 
chosen as this showed least variation. 
Force and pressure are proportional to each other, so it would be reasonable to suggest 
that force measured through a kneeblock and pressure measured at the sacral pad would 
be also proportional to each other, if there were a relationship between the kneeblock 
and sacral pad in correcting pelvic posture and position. Therefore information from the 
kneeblock force measurement device and the IPM-12 were compared to establish a 
relationship between the two. The 12-cell pre s sure-sen sing array was small enough to 
cover the central area of the sacral pad, and data from the cells was fed into the 
microcomputer in order of 1- 12, following the array displayed in figure 7.52. 
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Figure 7.52: Showing the 12-cell matrix of the IPM-12, together with cell numbers as correlating to 
the readings as configured by the machine. 
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Analysis of Pilot Data 
Data was downloaded into an excel program and transformed into 3 dimensional graphs 
for visual analysis and inspection (figures 7.53,7.54,7.55 & 7.56). Data was translated 
into average and converted from milliMetres of mercury (mm Hg) to Pascal (Pa) to 
conform to international standards (I mm Hg = 133.32 Pascal). 
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Figure 7.53: 3 dimensional graph depicting the amount of pressure measured through the 12-cell 
pressure-sensing array, for child 1 who has a predominantly spastic type of cerebral palsy. The x 
and y axis show the position of the ceUs as depicted in figure 7.54, so that SI-1 corresponds to cell 
number 1, and s3, s2 corresponds to cell number 4. The above figure shows an inconsistent 
pressure measured through the cell-sensing array, equivalent to a range of 0-19 kPa. 
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Figure 7.54: 3 dimensional graph depicting the amount of pressure measured through the 12-ccll 
pressure-sensing array, for child 1 who has a predominantly spastic type of cerebral palsy. The x 
and y axis show the position of the cells as depicted in figure 7.54. The above figure shows an 
inconsistent pressure measured through the cell-sensing array, equivalent to a range of 0-56 kPa. 
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Figure 7.55: 3 dimensional graph depicting the amount of pressure measured through the 12 cell 
pressure sensing array, for child 4 who has a predominantly dystonic type of cerebral palsy. The x 
and y axis show the position of the ceUs as depicted in figure 7.54. The above figure shows an 
inconsistent pressure measured through the cell-sensing array, equivalent to a range of 0-18 kPa. 
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Figure 7.56: 3 dimensional graph depicting the amount of pressure measured through the 12 cell 
pressure sensing array, for child 4 who has a predominantly dystonic type of cerebral palsy. The x 
and y axis show the position of the cells as depicted in figure 7.54. The above figure shows an 
inconsistent pressure measured through the ceH-sensing array, equivalent to a range of 0-33kPa 
with one outlying value of 134 kPa. 
Figures 7.53,7.54,7.55, & 7.56 depict the pressure distributions downloaded into a 
spreadsheet and graphed in a3 dimensional way to mimic the impression of the 12 cell 
sensing array, so that S I/ I represents cell 1, S2/1 represents cell 2, S3/1 represents cell 3 
and so on. There was no consistency between children in average pressure either day to 
day or over the course of two days, despite the published reliability of the Oxford 
Pressure Monitor. 
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The pressure measurement results from the pilot with children with cerebral palsy were 
not satisfactory. All of the pilot children showed inconsistency in pressure measurement 
over a 2-day period, despite the published reliability of the pressure measurement device 
itself. Not only were averages inconsistent, the 3 dimensional representations of 
individual cells show a change in the distribution of pressure, despite the application of 
a gel pad to limit this change. It may be that the children are placed in the chair 
differently each time, that the gel becomes displaced, or that the children do not respond 
consistently to the sacral pad. To determine if this was the case, a pilot of the modified 
pressure measurement device was performed with children who did not have cerebral 
palsy. 
Pilot of Pressure Measurement Device - Children without cerebral 
palsy 
7 normal children agreed to take part in the pilot project. They ranged in age from 4 to 
12 years of age, and spent a morning or afternoon session using the CAPS 2 system. 
Data was collected at several different points, whilst the children watched a video. The 
children were measured for force and pressure and posture at the same time. In between 
each data session the children got out of the seating system and moved around. 
Children were assessed using the 12 cell-sensing array with the gel pad on and off. 
Figure 7.57 illustrates one of the children without the gel pad, and figures 7.58 and 7.59 
show the same child, with the gel pad covering the sacral pad and 12 cell-sensing array. 
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Figure 7.57: 3 dimensional graph depicting the amount of pressure measured through the 12-cell 
pressure-sensing array, for child 1, pilot for children without cerebral palsy. The x and y axis show 
the position of the cells as depicted in figure 7.54. The above figure shows a inconsistent pressure 
measured through the cell-sensing array, equivalent to a range of 23-287 kPa, with an average of 
112 k]Pa and a standard deviation of 108 kPa. 
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Figure 7.58: 3 dimensional graph depicting the amount of pressure measured through the 12-cell 
pressure-sensing array, for child 1, pilot for children without cerebral palsy, with the gel mat 
covering the pressure sensors. The x and y axis show the position of the cells as depicted in figure 
7.54 The above figure shows a more consistent pressure measured through the cell-sensing array, 
equivalent to a range of 2546 kPa, with an average of 35 and a standard deviation of 10 kPa. 
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Figure 7.59: 3 dimensional graph depicting the amount of pressure measured through the 12-cell 
pressure-sensing array, for child 1, pflot for children without cerebral palsy, with the gel mat 
covering the pressure sensors. The x and y axis show the position of the cells as depicted in figure 
7.54. The above figure shows pressure measured through the cell-sensing array, equivalent to a 
range of 27-50 kPa, with an average of 34 and a standard deviation of 9 kPa. 
The results of the pilot With children without cerebral palsy showed that there was a 
difference in children using a gel pad and those not using a gel pad. One of the major 
clinical reasons for using a skin interface pressure-measuring device is to pick out areas 
of higher pressure in relation to other areas, as this is likely to be an indication of an area 
at risk of developing pressure ulcers. In that case, the distribution of pressure as 
demonstrated in figure 7.57 is possibly a successful result, because then the clinician 
could take steps to reduce the pressure from the area of high pressure. However, in this 
project the average pressure of all of the cells is desirable 'in order to compare the 
pressure with force applied through the kneeblock force measurement device. 
Therefore the results demonstrated in figures 7.58 & 7.59 are more satisfactory. The 
spread of the pressure is more even and replicable, and the standard deviation fits within 
the published deviation of +4 mm Hg. This pattern was repeated for all of the children 
without physical disability, and therefore, provided that great care is taken when placing 
the sacral pad with gel covering in the seating system, the pressure management system 
can be used with confidence in the main data collection period. 
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Relationship between Pressure and Force - children without 
disabilities 
Mean force and mean pressure were collected and analysed together using Regression 
analysis and Analysis of Variance. Regression analysis was performed and a positive 
correlation of . 78 between Force and Pressure was shown. The relationship can be 
expressed as: 
Mean Force (N) = -15 + 0.01 Pressure (Pa) 
The relationship, together with 95% Confidence Interval is shown in Figure 7.62. 
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Figure 7.60: Relationship between Mean Force and Mean Pressure for children without disabilities 
Having found a linear relationship between force and pressure in normal children, the 
next stage of the project is to measure this relationship with children with cerebral palsy. 
If the relationship is consistent with normal data, then we can be confident in 
prescribing the equipment using a commercially available and widely used pressure 
monitor. If the relationship is not consistent with the above data, further investigation is 
warranted. 
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Summary 
The Oxford Pressure Monitor (IPM- 12) measures skin interface pressure through a 
pneumatic system that detects the flow characteristics of small pulses of air through a 12 
plastic cell array. It was chosen for this experiment to measure pressure at the sacral 
pad for several reasons. Firstly, it is reported to be accurate and reliable as well as 
portable. Secondly it is inexpensive and available for the research. Finally it has been 
employed to measure pressure at the sacral pad in order to compare the average pressure 
over the sacral area with force applied through the experimental kneeblock measurement 
device. 
The role of the monitor is to detect areas of high pressure, so that a clinician can modify 
the support surface to lower the pressure and thus help to prevent the development of a 
pressure ulcer. However, the average pressure is desired in this case and so the sacral 
pad was modified by placing a gel pad over the 12 cell-sensing array in order to even 
out the surface area. The sacral pad itself is made of foam, so in order to prevent 
pressure being absorbed into the foam itself, a modification was made to the sacral pad 
by the addition of a firm thermoplastic sheet, exactly modelled to the shape of the sacral 
pad so that the 12 cell sensing array has a firm surface at its base. 
The device was piloted with children with disabilities and no consistent results found. 
However, this is in the context of inconsistent results also shown by the force 
measurement device. Following this, the device was further piloted on children without 
disabilities and more consistent, even results were attained. Given the published 
reliability of the EPM-12, it was found to be reliable enough, with modifications to be 
one of the main outcome measurement devices in this research project. 
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Chapter 8: Analysis of Pressure Measurement Data 
Introduction 
The purpose of this chapter was to present the results of pressure measured at the sacral 
pad in the controlled trial. The rationale for measuring pressure at the sacral pad was to 
establish the relationship between the amount of force exerted through the kneeblock 
and pressure at the sacral pad, as well as quantifying the amount of pressure generated at 
the sacral pad. As previously stated, the sacral pad and kneeblock system, through 
application of counterforce by the sacral pad and kneeblock, create a series of moments 
around the pelvis to 'correct' the position of the pelvis, and further maintain this position. 
There should be a relationship between the two and this relationship should theoretically 
be equal and opposite. However it is likely that there may be high force at the 
kneeblocks and less pressure at the sacral pad if the kneeblocks are acting as a support 
rather than an active counterforce. In either scenario, the relationship between force 
measured at the kneeblock and pressure measured at the sacral pad should be linearly 
related, and this liner relationship was shown clearly for children without disabilities 
(see chapter 7). 
Analysis 
Data was downloaded into an excel program and transformed into 3 dimensional graphs 
for visual analysis and inspection (figure 8.61). The graphs represent the cells as they 
appear in chapter 7 (figure 7.54), thus series I is the top row of the 12 cell-sensing 
matrix (cells 1,4,9,10), series 2 is the middle row of the matrix (cells 2,5,8,11), and 
series 3 is the bottom row (cells 3,6,7,12). 
The data of the 12 cells was averaged to get one value representing pressure measured at 
the sacral pad. Each graph and set of results was inspected to ensure that the cells were 
distributed evenly. However, on several occasions it would seem that one or more of 
the cells were not picking up any pressure, possibly due to deformation (figure 8.62). 
This was represented in the downloaded values as a series of 3 dashes, rather than a 
genuine value of 0 mm Hg, and have been excluded from the analysis. Furthermore, 
despite modifications to the sacral pad by adding the gel pad and firm thermoplastic 
base, on occasion one or more cells was measuring over the 320 mm Hg limit, which 
may suggest that the 12 cell matrix is not well positioned, perhaps measuring something 
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outside the child, or it could be a genuine value, particularly for the heavier children. 
However, only one cell in a matnx showed a value over the maximum of the machine, 
so it is unlikely to be genuine and this value was excluded from the average. On these 
occasions the rogue number was removed from the average measurements, so the results 
are of the remaining active cells only. 
Figure 8.61: 3 dimensional bar chart to illustrate pressure distribution over the 12-cell sensor 
matrix of the EPM-12. Series 1 shows the top row, series 2 shows the middle row and series 3 shows 
the bottom row. 
Figure 8.62: 3-D Bar chart showing 0 or missing values in series 2 and 3, equivalent to cells 2&3 
on the matrix shown in Figure 7.54. 
Not all zero values were removed as the pressure distribution was not entirely uniform, 
but reflected the way the children were sitting against the sacral pad, and indeed the 
children's own pelvic characteristics (Figure 8.63). Only when there was a genuine 
question of whether the value was rogue or not was the value removed. 
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Although under laboratory conditions the EPM-12 was shown to be reliable, it was not 
always as accurate in the field. Although advertised as 'portable' the device weighs 9.0 
kg M all (3kg for battery, 0.5 kg for battery charger and 5kg for device itself), and is 
difficult to transport from place to place. Secondly, it was found that if there is a kink in 
the pressure-sensing mat, or if the matrix sensor was not fitted exactly, the monitor did 
not record data from that cell. Although there are inbuilt monitors if the pressure- 
sensing mat is not attached properly to the unit (it will not work), this is not the case for 
individual cells. 
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Figure 8.63: 3-D bar chart showing range of non-uniform values, possibly reflecting the way 
children are sitting in the chair and their bony prominences. 
Once the data had been cleaned and modified, it was then imported into SPSS program 
and repeated measure and multivariate Analysis of Variance (ANOVA) was performed. 
The repeated measures ANOVA was chosen due to the repeated nature of the trial, and 
the small numbers of participants. The children were seen under 3 conditions (sitting 
still, a looking task and a reaching task). Sitting still was chosen for the force analysis, 
so this was chosen for analysis of the pressure data. Firstly, m order to 
compare/correlate force and pressure, data was collected under the similar conditions 
and taken from both devices simultaneously. Secondly, all tile children could sit still for 
some time, but not all the children were able to look at a toy on command, or reach for a 
toy. Finally, the sacral pad and kneeblock theory was developed in a static situation (it 
is not dynamic, and relies on children sitting in one place for periods of time), and so a 
static situation should numic the ideal for the most number of children. 
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The amount of time the pressure readings were taken for is illustrated in figure 8.64. 
The error bar plot shows that the mean of the pre trial intervention as 43-48 seconds, and 
the post trial measurements 60-65 seconds. The difference in time collecting possibly 
shows that the children may have tolerated the data collection for longer following the 
intervention, or that the children have become more used to the person collecting the 
data. 
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Figure 8.64: Error bar plot, where the box in the middle of each bar is the mean and the vertical 
lines are the 95 % confidence interval for the mean 
Average Pressure 
Pressure was averaged and converted to Pascal, before performing statistical analysis. 
Average pressure in the static seating position from visits one to 6 was analysed using 
repeated measures Analysis of Variance (ANOVA). Sphericity was met for average 
pressure (Mauchley's test of sphericity, p= 0.1). Repeated measures ANOVA showed a 
statistically non-significant result (F90,5=0.45 p= 0.8 1), which was further confirmed by 
MANOVA(FI4,5=0.59, p= 0.71). When looking between different time points (within 
subject contrast), no significant differences were shown between any of the time points, 
although there is a wide interquartile range at visit 1, which is likely to indicate an 
experimental effect. This data is illustrated in a box and whisker plot shown in figure 
8.65. 
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Figure 8.65: Box and whisker plot, showing average pressure measured at the sacral pad during 
the study period. The horizontal line represents the median, with the upper and lower edges of the 
box representing upper and lower quartiles, with the 2.5 and 97.5 percentiles represented by the 
horizontal lines at the upper and lower ends of the vertical line. The circles am the outlying values 
and the asterix are the extreme values. 
Standard Deviation 
There was a wide spread of values for pressure throughout each measurement, 
demonstrated by a wide standard deviation - approximately half the value of the mean, 
for many of the individual data collection points. This is illustrated in table 8.27 and 
indicates that it is difficult to generalise this wide range of scores. 
Maximum Pressure 
The average pressure yielded no significant result, but as with force data, it was 
interesting to see whether this changed with maximum pressure. Maximum pressure 
was taken as the maximum on each pressure-sensing array for each individual child on 
each visit and converted to Pascal. The data does not conform to sphericity (Mauchley's 
test of sphericity, p< 0.0 1) and a Greenhouse-Geisser correction to the F-value has been 
made (F- = 0.60). The resulting repeated measures ANOVA is also statistically non- 
significant (F_95,5=0.53, p= 0.66), which is confirmed by MANOVA (F, 5,5= 0.73, p= 
0.20). 
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Mean Std. Deviation 
TIME1 4866.72 2255.90 19 
TIME2 4563.98 2225.61 19 
TIME3 4214.85 1719.41 19 
TIME4 4673.85 1555.61 19 
TIME5 4578.93 1815.10 19 
TIME6 4934.66 1565.17 19 
Table 8.27: Table illustrating wide range of standard deviations from the mean, which is probably 
indicative of wide range of values measured through the pressure-sensing matrix. 
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Figure 8.66: Box and Whisker plot of maximum individual pressure measured at the sacrum 
during the study period. The horizontal line in the box is the median and the upper and lower 
limits of the box represent the upper and lower quartiles. The circles are the outlying values and 
the stars are the extreme values 
Furthermore, there are no significant differences between each time point (within 
subjects contrasts). This is illustrated in figure 8.66. It is interesting to note from the 
plot, which for the first visit shows a wider range of pressure scores than the other 
groups, possibly due to a placebo effect. Secondly, visit 4 (Time 4, after the removal of 
the kneeblocks) indicates that the pressure measured at the sacral pad of the group has 
increased following the replacement of the kneeblock after a period of time, but this was 
not sustained. 
Discussion 
The results of the pressure analysis alone are not conclusive. Although the pressure- 
measuring instrument itself (IPM- 12) has been shown to be reliable, it has not proven to 
be satisfactory in this project. The instrument itself has published reliability, and was 
regularly calibrated to ensure accuracy during the data collection period. However, the 
Oxford pressure monitor is designed to find high points of pressure underneath a bony 
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prominence, and in this case was measuring pressure in a horizontal - or gravity 
eliminated plane. The device was not designed for measuring force may not have been 
sensitive enough for this project, due to the variability of the heterogeneous subject 
group. 
In addition, reliability was a problem in this project. In both the published literature and 
in the pilot for this project, devices were under near 'laboratory conditions', but in this 
study data was collected in children's homes and schools. Furthermore, the modification 
of the sacral pad may not have been enough to allow for individual differences. The 
modified sacral pad worked well with children without disability (and therefore normal 
pelvis and hip joints and arrangements) but has not been shown to be as satisfactory 
with children with cerebral palsy. This leads to the suggestion that the children with 
cerebral palsy have a different way of sitting to non-disabled children. 
There is no significant difference in average pressure measured at the sacral pad, and no 
significant difference in maximum pressure measured at the sacral pad over the data 
collection period, although looking at the box and whisker plots there is an increase in 
both average and maximum pressure at visit 4, following the replacement of the 
kneeblock. This adds to the force measurement data that suggests that the children may 
learn to accommodate to the sacral pad as well as the kneeblock, and a period without 
the active intervention increases the systems effectiveness. However, this was not 
sustained over the lead out visits 5 and 6, which is how children would be typically 
using the seating system in the community. Does the seating system have an immediate 
effect on posture if used for the first time that is not sustained as children with cerebral 
palsy accommodate to the position? 
Another explanation for the non significant result is that the force may not be dissipated 
through the sacral pad, but dispersed throughout the seat and back of the chair - either 
the measurement was taken in the wrong place, or the sacral pad itself was in the wrong 
place, or a combination of the two. Children without cerebral palsy show a linear 
relationship between force and pressure, and an even spread on the 12-cell pressure 
sensing array. This is consistently not the case for children with cerebral palsy. 
One implication is that theory developed using 'normal' biomechanical and postural 
principles is not appropriate for this group of children with cerebral palsy. It may 
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therefore be inappropriate to apply off the shelf seating solutions to this group of 
children, particularly when those seating solutions have been developed with 'normal' 
posture in mind. Furthermore, if children are weight bearing through the back of the 
seat and not the sacral pad, it is unlikely that they are learning to sit up straight, but 
rather accommodating to an increasingly deformity of their truncal and pelvic posture 
over time. 
In order to explore pressure at the sacral pad, more sensitive assessment techniques, 
designed for this population are required. In this instance, a commercially available 
solution was found, due to the experimental nature of the kneeblock force device. 
However, it's limitations and the modifications made indicate that a more sensitive tool, 
designed to measure pressure or force is required. In addition, it is implicit to measure 
pressure distribution over the whole of the backrest to ascertain how the children are 
using their support in the seat. 
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Chapter 9: Measurement of Postural Alignment and Seated 
Function 
Introduction 
The Seated Postural Control Measure (SPCM) (Roxborough et al. 1994, Fife et al. 199 1) 
was developed to assess objectively the posture and function of children with 
neurological difficulties in adaptive seating systems. The tool has been constructed as 
an outcome measurement tool to evaluate change in postural alignment of children with 
neuromuscular difficulties as a result of adaptive seating (Roxborough et al. 1994). The 
SPCM is a tool that has potential to aid in objective assessment of seating position and 
change in seating position. Although validity and reliability have been established to 
some extent, full validity is still being explored, and further research is required to 
develop this (Gagnon et al. 2002). The SPCM is at present available only in a research 
version. It is organised into two domains of sitting behaviour (1) Static Postural 
Alignment and (2) Function. The postural alignment section consists of 22 graphically 
depicted items that measure the alignment of the body. Each item has a pre-defined 
neutral position, and palpation, visual observation and goniometry is used to determine 
the extent of angular deviation from the pre-defined neutral position. The tool itself is 
divided into 4 categories; 1= severe angular deviation, 2= moderate angular deviation, 
3= mild angular deviation and 4= pre-defined neutral position. However, each postural 
alignment item has further been analysed in absolute degrees, to increase the sensitivity 
of the measurement, and in order to perform biornechanical analysis on the children. 
This is measured from three aspects, which correspond to three planes of movement: 
Anterior view (frontal or coronal plane) (figure 9.67), right lateral view (sagittal 
plane)(figure 9.68) and superior view (transverse or horizontal plane)(figure 9.69). This 
project has used the four point scaling system as well as the actual or true amount of 
angular deviation. Angular deviation is less accurate than the categorical measurement, 
however the angles themselves are more useful due to their sensitivity 
The second domain is functional movement and consists of 12 functional movement 
items that examine the achievement of social functions. These items are graded 1-4, 
with I equating with the lowest score (i. e. does not attempt activity) and therefore the 
minimum score for all children is 12. The administration form for the SPCM is 
available in appendix 8. 
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Right Left 
T= 
Centre of Mass 
Figure 9.67: Showing the anterior view (in a coronal plane) in the form of a free body diagram 
T= 
Centre of Mass 
Figure 9.68: Showing right lateral or side view, in a sagittal plane 
Figure 9.69: View of body from above, or in the horizontal plane, showing head in the middle, and 
two abducted femur. 
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Pilot with children with cerebral palsy 
4 children with 4-limb cerebral palsy agreed to help with refining the measurement 
tools. Two children had a predominantly spastic movement disorder and two children 
had predominantly dystonic motor problem. The two children with spasticity also wore 
spinal orthoses made of firm thermoplastic material. The children were seen twice over 
2 days (once on each day). On each occasion they were measured in their chairs - for 
force and pressure at the same time, and on the Seated Postural Control Measure. 
The reliability of the SPCM was established for the purpose of this project in two pilot 
studies, one with children with disability and one with children without disability, and 
found to have acceptable variability. Following the pilot, the measure was slightly 
modified, by withdrawing postural alignment item 20 (Head Rotation) and functional 
item 8 (picks up raisin and places into mouth) following practical difficulties with 
administration. 
Variability of Seated Postural Control Measure 
Variability was calculated for both Postural alignment and function sections separately 
using one-way Analysis of Variance (ANOVA) and calculated by dividing the sum of 
squares by the mean for both within groups and between groups. Between groups refers 
to the difference between children and within groups refers to the differences within 
each child for repeated measures. The children were given both sections of the SPCM 
on two occasions. Table 9.28 shows that there is no relationship between the scores of 
individual children to each other, however within the same child there is 34% of 
variability on function and alignment. This is a reasonable amount of accuracy to 
expect. Children with cerebral palsy do not form a homogenous group but differ widely 
in terms of degrees of postural and fixed deformities, so the wide variation between 
children is to be expected. However within individual children, the variability from day 
to day is less that 5% which represents good repeatability within the same child over 
different days. 
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Sum of Squares Sum of squares Mean Variation Variation 
Between groups within groups Score Within child Between 
children 
Function 2.00 413.50 30.25 0.04(4%) 0.67(67%) 
Alignment 4.50 69.00 66.25 
1 
0.03(3%) 0.12(12%) 
Table 9.28: Variability of SPCM for pilot of measures with children with cerebral palsy 
Variability of SPCM with non-disabled children 
7 children without disabilities consented to take part in piloting the measures for the 
research project. They ranged in age from 4 to 12 years of age, and spent a morning or 
afternoon session using the special seating system. The postural alignment data was 
collected 3 times for each of the children (depending on the tolerance of the child). All 
children completed all functional movement items without difficulty. Table 9.29 shows 
the results from the 7 pilot children. The variability both within and between groups is 
good - one would expect only a small amount of variability between normal children, as 
opposed to children with postural difficulties. In this case the variability between the 
children was less than 10%. 
Sum of squares Sum of squares Mean Variability Variability 
Between groups within groups Within child Between 
children 
Function 8.85 67.55 82.20 0.04(4%) 0.10(10%) 
Alignment 7.25 65.42 82.33 0.03(3%) 0.09(9%) 
Table 9.29: Variability of the SPCM for non-disabled children 
Data collection - Main Project 
The participants were children with four limb cerebral palsy of either spastic or dystonic 
type for the measurement of posture. 30 children completed the trial, and were 
administered the SPCM once per visit, except at visits 3 and 4, where the children were 
measured twice; once with their kneeblocks on and once with their kneeblocks off. For 
visits 3 and 4, the children came into the session, and were measured with their 
kneeblocks on. The kneeblocks were then taken off, and the children given an 
opportunity to move about in their chairs, before the SPCM being repeated with the 
kneeblocks off after approximately 10 minutes. 
assessment for all participants on all visits. 
One examiner administered the 
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Repeatability 
In order to judge the repeatability of the SPCM, the results of the first 3 visits were 
taken and analysed using simple analysis of variance (ANOVA) in order to get the 
within group mean squares, the error mean square and the group average. The square 
root of the within group mean squares was then divided by the mean of the group to 
yield a coefficient of variability between participants, and the square root of the error 
mean square was divided by the mean of the group in order to show the coefficient of 
variability for day to day. Table 9.30 shows the analysis of coefficient of variation 
using simple ANOVA, and demonstrates that the coefficient of variation was 
unacceptably high for both SPCM categories and degrees alone. Simple ANOVA was 
used, as the key point of analysis was to find a coefficient of variation in order to judge 
whether the postural assessment was a reliable enough outcome measure for the main 
project. 
The coefficient of variation for most of the SPCM items was unacceptably high, for both 
degrees measured alone as well as the pre-defined categories. Acceptable variability 
was taken when the coefficient of variation is less than 0.2 or 20%. One of the main 
reasons for the wide variation may have been that the children vary widely in their 
posture - they are a heterogeneous group. In order to control for this, a Repeated 
Measures ANOVA was performed on the results to find the group average, the group 
mean squares and the error mean square and the coefficient of variation recalculated. 
The repeated measures ANOVA is particularly useful for small numbers of participants, 
to control for large differences between them. The new, more accurate coefficients of 
variation are shown in table 9.3 1. 
The pre-defined categories of the SPCM show acceptable coefficients of variation apart 
from PA8 - lumbar curve. However the measured degrees continue to demonstrate a 
high variability. When examining the variability in the degrees more closely, it appears 
that the degree of variability is very small +30 for most of the items. However, as the 
statistics only control for variability between one degree and another, the variability 
remains high. Clinically, +3' would be acceptable. Therefore, the SPCM angular 
deviation can be used for further statistical and biornechanical analysis, on the 
understanding that it may operate with up to 6' of variability. 
164 
The functional items still showed high variability, in part explained by the variability in 
both physical and developmental ability of the children, but also their co-operation. 
Some of the children refused to perform one or more tasks on occasion, and thus were 
scored as I rather than their ability score of higher. It appears the functional section 
may be of little use to detect change, but may be useful as a categorization tool. 
Degrees 
Child to Child 
Variability 
Degrees Day 
to Day 
Variability 
Categories 
Child to 
Child 
Variability 
Categories 
Day to Day 
Variability 
PA I- Pelvic Obliquity 0.40 0.43 0.15 0.12 
PA2 - Trunk Lateral Shift 0.52 0.29 0.20 0.11 
PA3 - Shoulder Height 0.66 0.48 0.16 0.16 
PA4 - Head Lateral Tilt 0.97 0.79 0.31 0.43 
PA5 - Hip Rotation Right 
Side 
0.48 0.46 0.13 0.06 
PA6 - Hip Rotation, Left side 0.58 0.84 0.14 0.22 
PA7 - Pelvic Tilt 0.42 0.09 0.26 0.07 
PA8 - Lumbar Curve - - 0.27 0.31 
PA9 - Thoracic Curve - - 0.37 0.19 
PA10 - Trunk Inclination 0.57 0.44 0.16 0.20 
PAI I- Head Anterior/ 
Posterior Tilt 
0.76 0.46 0.34 0.29 
PA12 - Right Hip Flexion/ 
Extension 
0.59 0.47 0.09 0.03 
PA13 - Left Hip 
Flexion/Extension 
0.53 0.89 0.09 0.18 
PA14 - Right Knee Flexion/ 
Extension 
0.59 0.51 0.05 0.05 
PA15 - Left Knee Flexion/ 
Extension 
0.58 0.34 0.04 0.03 
PA16 - Right Ankle 
Dorsi/Plantar Flexion 
0.57 0.40 0.03 0.03 
PA 17 - Left Ankle 
Dorsi/Plantar Flexion 
0.56 0.29 0.03 0.03 
PA 18 - Pelvic Rotation 0.41 0.09 0.23 0.22 
PA19 - Upper Trunk 
Rotation 
0.42 0.07 0.12 0.10 
PA20 - Head Rotation - - - - 
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PA21 Right Hip 
Ad/Abduction 
0.51 0.28 0.11 0.09 
PA22 - Left Hip 
Ad/Abduction 
0.39 0.29 0.09 0.07- 
Function I - - 0.33 0.24 
Function 2 - - 0.37 0.33 
Function 3 - - 0.43 0.61 
Function 4 - - 0.48 0.61 
Function 5 - - 0.97 0.14 
Function 6 - - 0.13 0.45 
Function 7 - - 0.48 0.67 
Function 9 - - 0.66 0.11 
Function 10 - - 0.68 0.09 
Function II - - 0.55 0.39 
Function 12 - - 0.55 0.39 
Table 9.30: Showing SPCM items and the coefficient of variation for degrees alone, and pre-defined 
SPCM categories using simple ANOVA. Column 1 shows the SPCM category number, columns 2 
and 3 show variability for angular deviation and column 4 and 5 show variability for pre-defined 
SPCM categories. A score of 0.1 or less is desired. 
Degrees 
Child to Child 
Variability 
Degrees Day 
to Day 
Variability 
Categories 
Child to 
Child 
Variability 
Categories 
Day to Day 
Variaility 
PAI - Pelvic Obliquity 0.25 0.22 0.07 0.08 
PA2 - Trunk Lateral Shift 0.44 0.31 0.16 0.13 
PA3 - Shoulder Height 0.45 0.34 0.13 0.08 
PA4 - Head Lateral Tilt 0.02 0.05 0.10 0.18 
PA5 - Hip Rotation Right 
Side 
0.19 0.19 0.02 0.02 
PA6 - Hip Rotation, Left side 0.54 0.35 0.11 0.08 
PA7 - Pelvic Tilt 0.13 0.31 0.12 0.10 
PA8 - Lumbar Curve - - 0.22 0.12 
PA9 - Thoracic Curve - - 0.16 0.16 
PA 10 - Trunk Inclination 0.04 0.24 0.16 0.08 
PAI I- Head Anterior/ 
Posterior Tilt 
0.19 0.42 0.03 0.20 
PA12 - Right Hip Flexion/ z! ) 
Extension 
0.57 0.36 0.02 0.05 
PA13 - Left Hip 
Flex ion/Extension 
0.72 0.32 0.12 0.06 
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PA14 - Right Knee Flexion/ 
Extension 
0.15 0.26 0.02 0.03 
PA15 - Left Knee Flexion/ 
Extension 
0.15 0.30 0.00 0.03 
PA16 - Right Ankle 
Dorsi/Plantar Flexion 
0.27 0.27 0.02 0.02 
PA17 - Left Ankle 
Dorsi/Plantar Flexion 
0.08 0.32 0.02 0.02 
PA 18 - Pelvic Rotation 0.13 0.23 0.09 0.14 
PA19 Upper Trunk 
Rotation 
0.01 0.19 0.03 0.06 
PA21 Right Hip 
Ad/Abduction 
0.02 0.22 0.00 0.07 
PA22 - Left Hip 
Ad/Abduction 
0.16 0.22 0.05 0.07 
Function I - - 0.02 0.13 
Function 2 - - 0.06 0.13 
Function 3 - - 0.20 0.13 
Function 4 - - 0.09 0.18 
Function 5 - - 0.12 0.19 
Function 6 - - 0.14 0.17 
Function 7 - - 0.28 0.18 
Function 9 - - 0.50 0.28 
Function 10 - - 0.16 0.26 
Function II - - 0.25 0.22 
Function 12 - - 0.11 0.07 
Table 9.31: Coefficient of variation for all participants measured on visits 1-3, for both degrees 
alone and predefined SPCM categories using average and group mean squares from repeated 
measures ANOVA. Column 1 shows the SPCM category number, columns 2 and 3 show variability 
for angular deviation and column 4 and 5 show variability for pre-defined SPCM categories. A 
score of 0.1 or less is desired. 
Summary 
The SPCM consists of two sections - the first a 22-item section to measure static 
postural alignment and the second a 12-itern measurement of seated function. Both 
sections were piloted on children with cerebral palsy and found to be sensitive for 
variations within one child over 2 days, but variable between children. The measure 
was shown to be accurate for children without disability, both within and between 
participants. 2 items in the assessment pa8 (Lumbar curve) and pa9 (Thoracic curve) 
were measured by visual inspection alone, and angular displacement is not measured. 
Therefore these two items have been excluded from the analysis dealing with angles 
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alone, but included in the analysis of the categorical ordinal scale data. One item - pa20 
(Head Rotation) was practically difficult due to health and safety reasons, and was 
excluded from both angle and category analysis. One functional item (eats raisin or 
cheerio - M) was removed from the functional section as many of the children had 
difficulties with eating and drinking, to the extent that their therapists felt they were at 
risk of aspirating food. Therefore this item was excluded from the whole cohort. 
Children were seen on 6 occasions. Visit I and 2 were run in visits to account for any 
placebo effect. On visit 3 the kneeblocks were removed and on visit 4 the kneeblocks 
were replaced. Visits 5 and 6 were run out visits. The postural alignment section of the 
SPCM was performed when the children were sitting still. At visits 3 and 4 two 
measurements were taken - one with the kneeblocks off and one with the kneeblocks on. 
The first 3 visits with the kneeblocks on were analysed to find a coefficient of variation 
using simple ANOVA. Nearly all categories and degrees of angular displacement were 
shown to be unacceptably high, possibly due to the high variability of posture between 
the participants. A repeated measures ANOVA was performed to find group and error 
mean squares and the group average in order to control for individual variation. The 
repeated measures ANOVA yielded information about acceptable coefficient of 
variation for SPCM categories for virtually all items. Using degrees alone was not as 
accurate, but more sensitive to change. The degree measurements were able to be 
accurate to within 60, and this is more useful for the purposes of this experiment. 
Firstly, the biornechanical analysis requires angular displacement rather than categorical 
which would be of limited use here. Secondly, the data from the pure angular 
measurements conform is continuous data and can be analysed robustly with the force 
and pressure data. 
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Chapter 10: Results of the Seated Postural Control Measure 
Introduction 
The purpose of this chapter is to present the results of the Seated Postural Control 
Measure assessed at each of six visits of the controlled trial. The results are divided into 
two sections - postural alignment and seated function. For the postural alignment 
section, the findings will be given only for those children who completed the main trial. 
Only two further children from the group who removed their kneeblocks were eligible 
for postural analysis, and one of those children had only one kneeblock and so has been 
excluded (participant number 5047). Analysis was performed on the extra child who 
was assessed using modifications to the kneeblock force measurement device 
(participant number 5058). However, the results were very similar (< 0.01, and there 
was not a change from 'significant' to 'not significant' by the addition of this child, and 
therefore the results without participant 5058 are reported. The analysis of those who 
completed the whole trial for force and posture is useful for correlation of force with 
posture. It was hypothesised that the children's posture would deteriorate with the 
removal of the kneeblocks, and improve with the replacement of the kneeblocks. 
Analysis of static postural alignment is reported for degrees in each item. Angular 
deviation, measured via goniometry is taken even though the repeatability of the 
categories was more accurate in measurement; the angles themselves were more useful 
due to their increased sensitivity. The angle measurements were shown to be accurate to 
within +3' degrees (chapter 9). This is more useful for the purposes of this experiment. 
Firstly, the biomechanical analysis requires angular displacement rather than categorical 
which would be of limited use here. Secondly, the data from the pure angular 
measurements conform to continuous data and can be statistically and biornechanically 
analysed with the force and pressure data. One of the disadvantages is the difficulty 
with repeatability of goniometric measurements (Parrot et al. 2002). 
The categorical data has been shown to be accurate but not sensitive. It has been 
analysed using non-parametric statistics (Friedman's test, (Field, 2000). Only one 
category showed a statistically significant result, and one approached significance, and 
these have been presented here. Two items in the assessment pa8 (Lumbar curve) and 
pa9 (Thoracic curve) are measured by visual inspection alone, or category alone, and 
therefore these 4 categorical results have been presented. One item - pa20 (Head 
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Rotation) was practically difficult to measure due to health and safety reasons, and was 
excluded from both angle and category analysis. 
Children were seen on 6 occasions. Visit I and 2 were run in visits to account for any 
placebo effect. On visit 3 the kneeblocks were removed and on visit 4 the kneeblocks 
were replaced. Visits 5 and 6 were run out visits. The postural alignment section of the 
SPCM was performed when the children were sitting still. At visits 3 and 4 two 
measurements were taken - one with the kneeblocks off and one with the kneeblocks on. 
Data analysis was performed and will be reported in several ways - firstly, looking at the 
angular displacement only, angles (continuous data), have been analysed using repeated 
measures ANOVA which was calculated using general linear modelling, and when the 
data did not violate 'sphericity' (Chapter 6). Although the degree of angular 
displacement in degrees has been presented, the predefined categories of the Seated 
Postural Control Measure (SPCM) have been shown to have increased accuracy when 
compared to the angular displacement alone, and so these have further been analysed, 
using Friedman's two way analysis of variance. In this case, the complete set of N 
observations is ranked from I to N in each group, and the mean rank of the groups 
compared for difference. If a significant difference between the groups was found, the 
highest and lowest values were then analysed using a Mann-Whitney U test. If this was 
found to be significantly different then the process was repeated on the highest and next 
to lowest pairs and so on, until the result is not significant. 
The kneeblocks on/kneeblocks off data was collected at visits 3 and 4. The children 
were measured for angular deviation with their kneeblocks on at the beginning of the 
visit. The kneeblocks were then removed, and the children given 5-10 minutes to relax 
into the kneeblocks off posture, while the researcher calibrated the force measurement 
device, and the angular deviation measurement repeated. The kneeblocks 
on/kneeblocks off data collected at visits 3 and 4 were collapsed into 2 variables and 
analysed using a paired t-test. The t-test compares for difference between the means of 
two groups of participants, in order to accept or reject the null hypothesis. The 95% 
confidence interval for mean differences is also reported for two cases - difference with 
kneeblocks on and off at time 3, and difference between kneeblocks on and off at time 
4, when there is a statistically significant result. 
representation are presented in appendix 9. 
Full results with graphical 
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Static Postural Alignment Item I (SPAI) - Pelvic Obliquity 
Angular Deviation 
Pelvic Obliquity is defined as 'The angular deviation of a line joining the Anterior 
Sacro-Iliac Spines (ASIS) relative to the horizontal'. This is measured by the assessor 
placing a flexible curve on the child's pelvis and from the front measuring the angle 
using a goniometer between the line joining the ASIS's and the horizontal plane. 
Sphericity was met for SPAI (Mauchley's test of sphericity, p= 0.38). Repeated 
measures ANOVA was performed and no statistically significant difference in pelvic 
obliquity was shown over the six visits (F95,5=0.60, p= 0.70). There was no statistically 
significant difference on pelvic obliquity either over the six-visit period. 
Static Postural Alignment 2 (SPA2) - Trunk Lateral Shift 
SPA2 - Angular Deviation 
Trunk Lateral Shift is defined as the line joining the sternal notch to the midpoint 
between the ASIS's relative to vertical. It is measured from the front, and does not take 
into consideration any spinal curvature. Sphericity was violated for SPA2 (Mauchley's 
test of sphericity, p= 0.01) so a Greenhouse-Geisser correction to the degrees of 
freedom was made (E= 0.65). Repeated measures ANOVA was performed and no 
statistically significant difference in pelvic obliquity was shown over the six visits 
(F95,5=0.87, p= 0.47). 
Static Postural Alignment Item 3 (SPA3) - Shoulder Height 
SPA3 - Angular Deviation 
SPA3 - Shoulder Height is an item measured from the anterior view or the front. It is 
the line joining the shoulders, and the two points between which measurement is taken 
is the top of the shoulders in the region of the acromium. Sphericity was violated for 
SPA3 (Mauchley's test of sphericity, p= 0.01), and a Greenhouse-Geisser correction was 
used (E: = 0.53) to correct the degrees of freedom. Repeated measures ANOVA showed 
a not statistically significant difference over the six visits for SPA3 - Shoulder Height 
(F90,5= 0,80, p= 0.49), indicating that this did not change over the six visits. 
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Static Postural Alignment item 4 (SPA4) - Head Lateral Tilt 
SPA4 - Angular Deviation 
Head lateral tilt is defined as the line joining the outside comer of the eyes relative to the 
horizontal. It was measured from a position in front of the child, estimating the angle 
between a line joining the outer comer of the eyes and the horizontal plane, measured 
using a goniometer. Sphericity was met (Mauchley's test of sphericity, p= 0.17), 
however, no statistically significant difference was shown for head lateral tilt over the 
six visits (F50,5= 0.73, p<0.01). 
Static Postural Alignment Item 5 (SPA5) - Right Hip Rotation 
SPA5 - Angular Deviation 
Right hip rotation is measured by measuring the angle of the tibia related to the line 
between the ASIS, judged by the flexible curve as described in SPA I Pelvic Obliquity. 
Sphericity was met for Right Hip Rotation (Mauchley's test of sphericity, p= 0.57). No 
statistically significant difference over the 6-visit period in right hip rotation was found 
(F85,5= 1.13, p= 0.06). 
SPA 5- Kneeblocks on and off 
At visits 3 and 4, the participants were measured with kneeblocks on and off on the 
SPCM. These results are shown in Figure 10.70. There was a statistically significant 
difference in right hip rotation with the kneeblocks on versus the kneeblocks off at both 
visit 3 (MD= -3.700,95% CI is -6.186 to -1.21, t= -3.12, p= 0.006) and visit 4 (MD= - 
3.27,95% CI is -5.57 to -0.970, t= -2.97, p= 0.01). This means that for the item that 
represents right hip rotation, the angular deviation from 0' is less when the children are 
wearing the kneeblocks than when they are not wearing the kneeblocks. This is a 
positive result, indicating that the kneeblocks may help to derotate the children's' right 
hip, which is important when attempting to prevent displacement of the hip. 
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Figure 10.70: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 0' for SPA5 - Right Hip Rotation. The box in the middle of each vertical line is the mean and 
the vertical line itself represents the 95 % confidence interval around that mean. In this case there 
is a statistically significant difference between wearing and not wearing the kneeblocks. 
Static Postural Alignment Item 6 (SPA6) - Left Hip Rotation 
SPA6 - Angular Deviation 
Left hip rotation is measured by measuring the angle of the left tibia related to the line 
between the ASIS, measured using the flexible curve described in SPAI Pelvic 
Obliquity. Sphericity was met for SPA6 (Mauchley's test of sphericity, p= 0.44). There 
was a statistically significant difference in left hip rotation over the six visit period 
(F85,5= 2.61, p= 0.03) using repeated measures ANOVA techniques, but this was not 
confirmed by MANOVA (F]3,5= 1.96, p= 0.15). This is illustrated in Figure 10.7 1. 
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Figure 10.71: Box and whisker plot of the angular deviation from 00 for Static Postural Alignment 
Item 6- Left Hip Rotation. The horizontal line in the box is the median, the lower and upper ends 
of the box represent the lower and upper quartiles, and the horizontal lines at the lower and upper 
vertical line represent the 2.5 and 97.5 percentiles. The bottom horizontal line for Visit 3 is 0. The 
circles represent the 'outliers', who represent cases with values between 1.5 and 3 box lengths from 
the upper edge of the box, and the star represents 'extremes, which are cases with values more than 
3 box lengths from the upper edge of the box. 
SPA6 - SPCM Categories 
After the data was taken in raw degrees of angular deviation, data was sorted into the 
predefined 4-point scale. As previously stated, hip rotation is estimated using the angle 
of the tibia relative to the line joining the ASIS's. 'Normal' angular deviation (score of 
4) is defined as 0+4', Nfild angular deviation (score of 3) is defined as an angle 
measuring between 5-190, 'Moderate angular deviation (score of 2) is defined as angles 
measuring between 20-34', and 'Severe' angular deviation (score of 1) is defined as 
equal to or greater than 35'. 
The data was analysed using Friedman's Test and there was a statistically significant 
difference over the six-visit period (p= 0.02). On looking at this difference further, 
using the Wilcoxon signed Ranks test, individual differences between the largest and 
smallest values were explored, and found to be a statistically significant difference 
between visit I (highest) and visit 8 (lowest) (p= 0.02), and a statistically significant 
difference between visit I and visit 2 (next to lowest) (p= 0.01). No further between 
visits statistically significant result was shown, and it is likely that this is a placebo 
effect. This is illustrated in figure 10.72. 
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Figure 10.72: Bar chart plot of ordinal predefined categories of the SPCM for SPA6 - left hip 
rotation. A score of 4 is defined as 'normal', 3 is defined as 'Mild' angular deviation from 0', and 2 
is defined as 'Moderate' angular deviation from 0" and the minimum score (Severe = 1) is 1. A 
statistically significant difference was seen overall and then further between visits I and 8, and 1 
and 2. 
SPA6 -Kneeblocks on and off 
There was not a statistically significant difference in left hip rotation between the 
participant having the kneeblocks on or off at visit 3 (MD= -2.50', 95% CI is -5.15 to 
+0.15, t= -1.97, p= 0.06), but this changed at visit 4 when there was a statistically 
significant difference between having the kneeblocks on and off (MD= -4.59', 95% C1 
is -7.22 to -1.96, t= -1.97, p< 0.01) (Figure 10.73). This is interesting in light of the 
significant result found for the repeated measures ANOVA (figure 10.71), where the 
period without the kneeblocks appeared to reduce the amount of hip rotation. It appears 
that children accommodate to the kneeblocks for their hip rotation, but a period without 
the kneeblocks results in an immediate improvement with the kneeblocks on and an 
exaggerated difference with the kneeblocks off. 
175 
VISM VISIT2 VISIT3 VISIT4 VISIT5 VISIT6 
14 
CD 
8) 
(D 
c 
0 
0 
12 
10 
8 
6 
KB ON (3)(4)= Measurement 
taken with Icneeblocks on at visit 
3 or visit 4 
KB OFF (3)(4) = Measurement 
taken with kneeblocks off at visit 
3 or visit 4 
Figure 10.73: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 00 for SPA6 - Left Hip Rotation. The box in the middle of each vertical line is the mean and 
the vertical line itself represents the 95 % confidence interval around that mean. In this case there 
is a statistically significant difference between wearing and not wearing the kneeblocks at visit 4, 
but this is not shown at visit 3. 
Static Postural Alignment Item 7 (SPA7) - Pelvic Tilt 
SPA7 - Angular Deviation 
Pelvic tilt is defined as the Line from the Posterior Sacroiliac Surface (PSIS) along the 
posterior pelvis to the seat surface relative to the vertical, measured by placing the 
assessors hand or flexible curve and measuring the angle between the plane of the 
hand/curve and the vertical plane. Sphericity was violated (Mauchley's test of 
sphericity, p< 0.01) in this instance, and a Greenhouse-Geisser correction is added to the 
degrees of freedom. (F, = 0.60). There was no statistically significant difference over the 
six-visit period in pelvic tilt using repeated measures ANOVA (F95,5= 1.31, p= 0.28). 
This was confirmed by MANOVA, which also showed a not statistically significant 
difference between the six visits (F15,5= 1.64, p= 0.21). 
SPA7 - Kneeblocks on and off 
In order to have a direct comparison between kneeblocks on and off, participants were 
seen at visits 3 and 4 and measured on the SPCM item Pelvic Obliquity in both 
situations. 21 participants were suitable for direct comparison of means at visit 3, and 
23 participants were suitable for direct comparison of means at visit 4. No statistically 
significant difference in pelvic tilt was found either at visits 3 (MD= -0.760,95% CI is - : -71 
176 
19 19 19 19 
KB ON (3) KB OFF (3) KB ON (4) KB OFF (4) 
2.50 to +0.98, t= -0.91, p= 0.37) or 4 (MD= -1.67', 95% Cl is -4.87 to +1.48, t= -1.11, 
p= 0.28). 
These results are quite important. One of the main clinical reasons for using a knee 
block and sacral pad system is to correct or reduce pelvic tilt in the participant using the 
system. Both repeated measures ANOVA as well as comparison of two means show no 
statistically significant difference in pelvic tilt with the kneeblocks on or off, or after 
having removed the kneeblocks for at least 3 weeks. This result is quite alarming, as it 
shows that the clinical reasoning behind the use of such a system to correct pelvic tilt is 
possibly false, and this will be followed up in discussion. 
Static Postural Alignment Item 8 (SPA8) - Lumbar Curve 
SPA8 - Angular Deviation 
The measurement of SPA8 is purely observational; therefore there are no reported 
statistics for angular deviation in degrees only. It is defined as the first lumbar vertebra 
to the fifth lumbar vertebra, and is observed from the child's right side, palpating the 
position of the lumbar spine and then circling the picture from the predefined categories 
that is closest to the estimated sagittal plane curvature. 
20 children completed SPA8 over the entire six-visit period. The result over that period 
was not statistically significant for difference in the lumbar curve as measured according 
to the SPCM predefined manner (Friedman test, p= 0.74). 
Static Postural Alignment Item 9 (SPA9) - Thoracic Curve 
As with SPA8, this is an item which is judged by estimate alone and not measured 
through angular deviation, but rather estimated deviation and matching this deviation to 
a picture on the assessment form. Thoracic Curve is measured from the first thoracic 
vertebra to the twelfth thoracic vertebra. From the child's right side, the examiner 
palpates the position of the thoracic spine and circles the picture closest to the observed 
sagittal plane curvature. No statistically significant difference over the six-visit period 
was observed in thoracic curvature over the trial (Friedman test, p= 0.22). 
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Static Postural Alignment Item 10 (SPA10) - Trunk Inclination 
SPA10 - Angular Deviation 
SPA10 is Trunk Inclination, judges as the angular deviation from 00 of the line joining 
the posterior surface of the first thoracic vertebrae and the median of the line joining the 
PSIS's relative to the vertical. Sphericity was violated in this case (Mauchley's test of 
sphericity, p= 0.05) and a Greenhouse-Geisser correction to the degrees of freedom was 
used (F, = 0.66). There was no statistically significant difference over the six-visit period 
for trunk inclination looking at repeated measures ANOVA (F, 00,5=0.46, P= 0.73). 
Static Postural Alignment Item 11 (SPA11) - Head Anterior/Posterior 
Tilt 
SPA11 - Angular Deviation 
Head anterior/posterior tilt was defined as the line joining the lateral comer of the eye to 
the tragus relative to the horizontal. The tragus is a thick layer of protruding cartilage 
just below the rook of the ear. Sphericity is met for SPA1 I (Mauchley's test of 
sphericity, p= 0.12), but there is no statistically significant difference in head 
anterior/posterior tilt between the six-visit study period on repeated measures ANOVA 
(F85,5= 0-90, p= 0.48). It is interesting to note that there was a wide variation in head 
tilt both within the same child and between children. 
Static Postural Alignment Item 12 - Right Hip Flexion/Extension 
SPA12 - Angular Deviation 
Right hip flexion/extension is measured with the knee flexed at 90', and the angular 
deviation measured is the deviation from the 900 sitting position, measured from the 
right side. Sphericity was met (Mauchley's test of sphericity, p= 0.10), and no 
statistically significant difference in right hip flexion/extension was seen over the 6-visit 
period (F95,5= 1.03, p= 0.41). 
Static Postural Alignment Item 13 - Left Hip Flexion/Extension 
SPA13 - Angular Deviation 
Left hip flexion/extension is measured with the knee flexed at 90', and the angular 
deviation measured is the deviation from the 900 sitting position, measured from the left 
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side. Looking at repeated measures ANOVA statistical analysis, sphericity was violated 
(Mauchley's test of sphericity, p= 0.02), and a Greenhouse-Geisser correction to the 
degrees of freedom was used (e = 0.61). No statistically significant difference in left 
hip flexion/extension was seen over the 6-visit period (F95,5= 1.38, p= 0.26). 
Static Postural Alignment Item 14 - Right Knee Flexion/Extension 
SPA14 - Angular Deviation 
Right knee flexion/extension is measured with the ankle flexed at 90', and the angular 
deviation measured is the deviation relative to the 900 sitting position, measured from 
the right side. Looking at repeated measures ANOVA statistical analysis, sphericity 
was met (Mauchley's test of sphericity, p= 0.95). No statistically significant difference 
in right knee flexion/extension was seen over the 6-visit period (F95,5=0.93, p= 0.46). 
Static Postural Alignment Item 15 - Left Knee Flexion/Extension 
SPA15 - Angular Deviation 
As with right knee flexion/extension, left knee flexion/extension is measured with the 
ankle flexed at 900, and the angular deviation measured is the deviation relative to the 
900 sitting position, measured from the left side. Looking at repeated measures 
ANOVA statistical analysis, sphericity was met (Mauchley's test of sphericity, p= 0.43). 
A statistically significant difference in left knee flexion/extension was seen over the 6- 
visit period (F95,5= 2.77, p= 0.02). However, analysis using MANOVA shows no 
statistically significant difference between the six visits (F, 5,5= 2.47, p= 0.08). Looking 
further into the between visits contrasts, there appears to be no statistically significant 
difference between any of the visits except between visits 5 and 6 (Figj= 5.62, p= 0.03). 
Figure 10.74 shows an increase with time following replacement of the kneeblocks. 
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Figure 10.74: Box and whisker plot of the angular deviation from 900 for Static Postural Alignment 
Item 15 - left knee flexion/extension. The horizontal line in the box is the median, the lower and 
upper ends of the box represent the lower and upper quartiles, and the horizontal lines at the lower 
and upper vertical line represent the 2.5 and 97.5 percentiles. The bottom horizontal line for Visit 3 
is 0. The circles represent the 'outliers', who represent cases with values between 1.5 and 3 box 
lengths from the upper edge of the box. 
SPA15 - Kneeblocks on and off 
The children were assessed at both visits 3 and 4 with their kneeblocks on and off for 
the purpose of providing a direct comparison between the two states, and the results of 
the assessment of item 15 at visit 3 and visit 4 is illustrated in figure 10.75. At visit 3 
there was a statistically significant difference in left knee flexion/extension between 
kneeblocks off and on (MD= -3.330,95% CI is -5.65to -1.02, t= -3.00, p< 0.01). 
However, at visit 4 there was no statistically significant difference in left knee 
flexion/extension between the kneeblocks on and kneeblocks off (NM= -2.440,95% CI 
is-5.39to+0.52, t---l. 7l, p=0.10). It appears as if the kneeblocks are controlling the 
knee position. 
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Figure 10.75: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 90' of flexion for SPA15 - left knee flexion/extension. The box in the middle of each vertical 
line is the mean and the vertical line itself represents the 95 % confidence interval around that 
mean. In this case there was a statistically significant result wearing and not wearing the 
kneeblocks at visit 3 but no statistically significant difference between wearing and not wearing the 
kneeblocks at visit 4. 
Static Postural Alignment Item 16 (SPA16) - Right Ankle 
Dorsi/Plantar Flexion 
SPA16 - Angular Deviation 
Right ankle dorsi/plantar flexion estimates the angular deviation from the predefined 
neutral position, in this case the angle relative to 90' flexion, measured from the right 
side. Sphericity was not violated (Mauchley's test of sphericity, p= 0.43). No 
statistically significant difference in right ankle flexion was seen over the 6-visit period 
(F95,5=0.54, p= 0.74). 
Static Postural Alignment Item 17 (SPA17) - Left Ankle Dorsi/Plantar 
Flexion 
SPA17 - Angular Deviation 
Left ankle dorsi/plantar flexion estimates the angular deviation from the predefined 
neutral position, in this case the angle relative to 900 flexion, measured from the right 
side. Looking at repeated measures ANOVA statistical analysis, sphericity was met 
(Mauchley's test of sphericity, p= 0.17). A statistically significant difference in left 
ankle flexion was seen over the 6-visit period (F95,5= 2.57, p= 0.03). MANOVA further 
shows a statistically significant difference between the six visits (F]5,5= 3.630, p=0.02). 
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This is shown in figure 10.78. It is interesting to note the statistically significant 
difference in left ankle flexion, which does not occur in right ankle flexion. When 
looking at within visit contrasts, the only two visits to have a statistically significant 
difference between them are visits 5 and 6 (F19,1= 7.91, p=0.01), and not the two visits 
that would be expected to see a statistically significant difference between which are 
visits 3 and 4 (figure 10.76). 
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Figure 10.76: Box and whisker plot of the angular deviation from 90 0 for Static Postural Alignment 
Item 17 - left ankle dorsi/plantar flexion. The horizontal line in the box is the median, the lower 
and upper ends of the box represent the lower and upper quartites, and the horizontal lines at the 
lower and upper vertical line represent the 2.5 and 97.5 percentiles. The bottom horizontal line for 
Visit 3 is 0. The circles represent the 'outliers', who represent cases with values between 1.5 and 3 
box lengths from the upper edge of the box. 
Static Postural Alignment Item 18 (SPA18) - Pelvic Rotation 
SPA18 - Angular Deviation 
Pelvic rotation is described as the line joining the ASIS's relative to the plane of the seat 
back. Sphericity was met (Mauchley's test of sphericity, p= 0.10) for pelvic rotation. 
There was no statistically significant difference over the six-visit period in pelvic 
rotation on repeated measures ANOVA (Fgo, 5= 0.56, p= 0.73). This was confirmed by 
MANOVA, which further showed a not statistically significant difference between the 
six visits (F, 4,5= 0.50, p= 0.77). 
SPA 18 - Kneeblocks on and off 
In order to have a direct comparison between kneeblocks on and off, participants were 
seen at visits 3 and 4 and measured on the SPCM item Pelvic Rotation in both 
situations. 21 participants were suitable for direct comparison of means at visit 3, and 
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23 participants were suitable for direct comparison of means at visit 4. No statistically 
significant difference in pelvic tilt was found either at visit 3 (MD= -0.86', 95% CI IS- 
1.65 to +3.37, t= 0.71, p= 0.49) or 4 (MD= 0.57', 95% CI is-2.02 to +3.15, t= 0.454, p= 
0.66). 
This is a consistent result with SPA7 - Pelvic Tilt. As correcting pelvic tilt is one of the 
aims of using this seating system, so is the reduction of pelvic rotation. However, it 
appears both repeated measures ANOVA as well as comparison of two means show no 
statistically significant difference in pelvic rotation, under any of the experimental 
conditions. This result is quite important, because it shows that the clinical reasoning 
behind the use of such a system to correct pelvic tilt is possibly false. 
Static Postural Alignment Item 19 (SPA19) - Upper Trunk Rotation 
SPA19 - Angular Deviation 
Upper trunk rotation is described as the line joining the shoulders relative to the frontal 
plane of the pelvis (measured in SPA18). Sphericity was met (Mauchley's test of 
sphericity, p= 0.60) for upper trunk rotation. There was no statistically significant 
difference over the six-visit period in upper trunk rotation on repeated measures 
ANOVA (F75,5=0.50, p= 0.78). 
SPA19 - Kneeblocks on and off 
In order to have a direct comparison between kneeblocks on and off, participants were 
seen at visits 3 and 4 and measured on the SPCM item Upper Trunk Rotation in both 
situations. 20 participants were suitable for direct comparison of means at visit 3, and 
18 participants were suitable for direct comparison of means at visit 4. No statistically 
significant difference in pelvic tilt was found at visit 3 (MD= 1.90', 95% CI is -0.66 to 
+4.46, t= 1.55, p= 0.14), however a statistically significant difference in upper trunk 
rotation with the kneeblocks on and off was seen at visit 4 (MD= 2.170,95% CI is +0.09 
to +4.24, t= 2.20, p= 0.04) (Figure 10.77). 
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Figure 10.77: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 0' for SPA19 - Upper Trunk Rotation. The box in the middle of each vertical line is the mean 
and the vertical line itself represents the 95 % confidence interval around that mean. In this case 
there is not a statistically significant difference between wearing and not wearing the kneeblocks at 
visit 3, but there was a statistically significant result at visit 4. 
This result is somewhat surprising, as it would seem that it would not be likely for there 
to be a change in upper trunk rotation, without a change in pelvic rotation, or other 
truncal items for that matter if the statistically significant result was the result of the 
kneeblock intervention. This may be due to variances in normality, or the wider spread 
of scores over visit 4. It is of concern that upper trunk rotation increases with the use of 
the kneeblocks. It may be that, the sacral pad and kneeblock do not correct the pelvic 
position, which is fixed, and therefore the force from the kneeblock is shown elsewhere 
- namely the spine and trunk. This requires further biomechanical analysis (Chapter 
12). 
Static Postural Alignment Item 21(SPA21) - Right Hip 
Adduction/Abduction 
SPA21 - Angular Deviation 
Right hip ad/abduction is described as the angle of the femur in relation to the line 
joining the ASIS's (measured in SPA18). Sphericity was met (Mauchley's test of 
sphericity, p= 0.17) for right hip ad/abduction. There was no statistically significant 
difference over the six-visit period in right hip ad/abduction on repeated measures 
ANOVA (F95.5=0.07, p= 0.69). 
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SPA21 - Kneeblocks on and off 
In order to have a direct comparison between kneeblocks on and off, participants were 
seen at visits 3 and 4 and measured on the SPCM item right hip ad/abduction in both 
situations. 20 participants were suitable for direct comparison of means at visit 3, and 
22 participants were suitable for direct comparison of means at visit 4. There was a 
statistically significant difference in right hip abduction at visit 3 with the kneeblocks on 
and off (MD= -4.290,95% CI is -7.74 to -0.84, t= -2.59, p= 0.02), and a highly 
statistically significant difference in right hip ad/abduction with the kneeblocks on and 
off was seen at visit 4 (MD= -6.170,95% CI is -8.95 to-3.40, t= -4.62, p <0.001) (Figure 
10.78). This appears to be a positive result, although this must be looked at with 
caution. Figure 10.78 shows an increase away from the neutral position for both visits 3 
and 4 with the kneeblocks off. It may be that the kneeblocks abduct adducted legs, but 
it may also be true that the legs are already abducted, and the kneeblocks hold them in a 
less abducted position. This must be explored further via biornechanical analysis. 
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Figure 10.78: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 00 for SPA21 - right hip ad/abduction. The box in the middle of each vertical line is the mean 
and the vertical line itself represents the 95 % confidence interval around that mean. In this case 
there was statistically significant difference between wearing and not wearing the kneeblocks at 
visit 3 and visit4. 
Static Postural Alignment Item 22(SPA22) - Left Hip Adduction/ 
Abduction 
SPA22 - Angular Deviation 
Left hip ad/abduction is described as the angle of the femur in relation to the line joining 
the ASIS's (measured in SPA18). Sphericity was met (Mauchley's test of sphericity, 
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21 21 21 21 
KB ON (3) KB OFF (3) KB ON (4) KB OFF (4) 
p=0.24) for left hip ad/abduction. There was no statistically significant difference over 
the six-visit period in right hip ad/abduction on repeated measures ANOVA (F95,5: --0.79, 
p= 0.56). 
SPA22 - Kneeblocks on and off 
In order to have a direct comparison between kneeblocks on and off, participants were 
seen at visits 3 and 4 and measured on the SPCM item right hip ad/abduction in both 
situations. 21 participants were suitable for direct comparison of means at visit 3, and 
23 participants were suitable for direct comparison of means at visit 4. There was no 
statistically significant difference in left hip abduction at visit 3 with the kneeblocks on 
and off (MD= -0.290,95% CI is -2.74 to +2.17, t= -0.24, P= 0.81), however, a 
statistically significant difference in left hip ad/abduction with the kneeblocks on and off 
was seen at visit 4 (MD= -3.780,95% CI is -6.85 to -0.71, t= -2.56, p= 0.02) (Figure 
10.81). Looking at figure 10.79, it is evident that the angular deviation away from 
neutral is increased with the removal of the kneeblocks, and this is particularly evident 
after the removal of the kneeblock. As with SPA21, it may be that the kneeblock is 
effective in hip add/abduction, or holds the femur in a fixed position, whereas without 
the kneeblock the position of the femur may vary. 
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KB ON (3)(4)= Measurement 
taken with kneeblocks on at visit 
3 or visit 4 
KB OFF (3)(4) = Measurement 
taken with kneeblocks off at visit 
Figure 10.79: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 00 for SPA22 - left hip ad/abduction. The box in the middle of each vertical line is the mean 
and the vertical line itself represents the 95% confidence interval around that mean. In this case 
there was statistically significant difference between wearing and not wearing the kneeblocks at 
visit 3 and visit 4. 
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Summary and Discussion of Results of Postural Assessment 
In summary it appears that there are positive effects from the kneeblocks to reduce hip 
adduction, and improve hip and knee flexion. This is positive if the aim of using the 
seating system is to try to prevent hip dislocation. However, there were no effects from 
the sacral pad and kneeblock system on pelvic tilt and pelvic rotation. It appears that the 
biornechanical theory may not hold. 
The results were looked at in two ways - firstly, the 6 visits, including the intervention 
period in between visits 3 and 4 (when the kneeblocks were removed) were analysed 
using repeated measures ANOVA. Statistically significant differences over the six-visit 
period were shown for left hip rotation (item 6), left knee flexion/extension (item 15) 
and left ankle plantar/dorsiflexion (item 17). Looking at the predefined SPCM 
categories yielded a statistically significant result only for left hip rotation. On further 
investigation it appears that although a statistically significant result, when looking at 
the within visit differences, the left hip, knee and ankles showed a within visit (time to 
time) difference between visits 5 and 6 only, not between visits 3 and 4 which would be 
expected. It may be that the sacral pad and kneeblock system become more effective 
once the child has become used to the kneeblocks again. However, it may be that this is 
a short lived improvement, and that posture returns to previous levels as the child's body 
accommodates to the seating system that it is in. 
The final way the results were analysed was to use a direct comparison of kneeblocks on 
and kneeblocks off at visits 3 and 4, to see whether the system had an immediate effect 
on posture. Statistically significant differences were seen for right and left hip rotation 
(items 5 and 6), left knee flexion (item 15) and right and left hip adduction/abduction 
(items 21 and 22). A statistically significant difference was also seen for upper trunk 
rotation at visit 4 (iteml9). The upper trunk rotation is not easy to explain. It is 
possible that the kneeblocks' replacement affected the orientation of the child's body in 
the chair, which has an effect on rotation of the trunk. To return to the statistically 
significant results through the lower limbs for the direct comparison between 
kneeblocks on and off, at this stage it appears that the kneeblock and sacral pad system 
are successful in that they keep the children's legs apart and flexed in a 90'-900-90' 
position, however there is no other effect on posture. It is necessary to explore these 
results further by correlating the posture with the force data, to confirm this is likely to 
be the case. A summary of these results is shown in table 10.32. 
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Conclusion 
Orthogonal seating with kneeblocks and sacral pad is designed to improve seated 
posture and therefore function by applying forces through the hips and pelvis to 
'normalise' pelvic tilt and rotation. This chapter has shown that kneeblocks have no 
effect on pelvic tilt and rotation. Chapter 6 showed that the forces through the 
kneeblocks are variable and chapter 8 showed that pressure measured at the sacral pad 
are also variable. Thus, the biomechanical principles underlying this system are not 
born out in practice. However, kneeblocks themselves do seem to have a positive effect 
in maintaining hip flexion and abduction. 
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RM ANOVA Visit 3 
Kneeblocks on 
& off 
Visit 4 
Kneeblocks 
on & off 
Significant or 
Not 
PA I -Pelvic Obliquity p= 0.70 p= 0.41 p= 0.23 Not significant 
PA2 - Trunk Lateral Shift p= 0.47 P=1 p= 0.08 Not significant 
PA3 - Shoulder Height p= 0.49 p= 0.51 p= 0.56 Not significant 
PA4 - Head Lateral Tilt p= 0.60 p= 0.65 p= 0.87 Not significant 
PA5 - Hip Rotation Right 
Side 
p= 0.06 P= 0. P= 0.01 Significant 
PA6 - Hip Rotation, Left side p= 0.03 p=0.06 p=0.02 Significant 
PA7 - Pelvic Tilt p= 0.28 p= 0.37 p= 0.28 Not significant 
PA8 - Lumbar Curve p= 0.74 Not significant 
PA9 - Thoracic Curve p= 0.22 Not significant 
PA10 - Trunk Inclination p= 0.73 p= 0.43 p= 0.71 Not significant 
PA II- Head Anterior/ 
Posterior Tilt 
p= 0.48 p= 0.31 p= 0.65 Not significant 
PA12 - Right Hip Flexion/ 
Extension 
p= 0.41 P= I p= 0.06 Not significant 
PA13 - Left Hip 
Flexion/Extension 
p= 0.26 p= 0.67 p= 0.64 Not significant 
PA14 - Right Knee Flexion/ 
Extension 
p= 0.46 p= 0.63 p= 0.30 Not significant 
PA15 - Left Knee Flexion/ 
Extension 
p= 0.02 P= 0.01 P= 0.10 Significant 
PA16 - Right Ankle 
Dorsi/Plantar Flexion 
p= 0.74 P= 0.12 p= 0.65 Not significant 
PA17 - Left Ankle 
Dorsi/Plantar Flexion 
p= 0.03 p= 0.66 P= 0.21 Significant 
PA 18 - Pelvic Rotation p= 0.73 p= 0.49 p= 0.66 Not significant 
PA19 Upper Trunk 
Rotation 
p= 0.78 P= 0.14 p= 0.04 Significant 
PA21 Right Hip 
Ad/Abduction 
p=0.69 p= 0.02 P< 0.01 Significant 
PA22 - Left Hip 
Ad/Abduction 
p= 0.56 p= 0.81 p= 0.02 Significant 
Table 10.32: Table of significance levels for Repeated Measures ANOVA and t testing at visits 3 and 
4. Colunm 1 shows the static postural alignment item and column 5 shows whether any of the 
results were significant or not significant. 
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Seated Functional Movement Items 
The functional movement section comprised of 12 functional movement items which 
examine the achievement of seated functions such as head and trunk control, reach, 
grasp and release, bimanual manipulation and wheelchair management. Function 
section items are scored using an ordinal scale consisting of four criterion-referenced 
levels. Each subsequent level of the scale represents increasing task achievement, with 
a score of I being the lowest a participant can score and 4 being the highest. The 
functional assessment is shown as part of the SPCM form in appendix 8. 
Functional Item 1- Lifts head upright and maintains for 5 seconds 
With the child's head flexed forward prior to the test, a toy is placed in front of the child 
and they are asked to bring their head up and place it in the middle. The child's head us 
said to be upright where central gaze is directed along the horizontal plane. No 
significant difference in functional item I was seen over the 6 visits (Friedman test, p= 
0.35). This is a very basic level of ability, and it would be unlikely to see change unless 
children's ability or interest changed. 
Functional item 2- Lifts head upright, in midline and maintains for 10 
seconds. 
This item is undertaken and scored at the same time as functional item 1. With the 
child's head flexed forward prior to the test, a toy is placed in front of the child and they 
are asked to bring their head up and place it in the middle. The child's head us said to be 
upright where central gaze is directed along the horizontal plane. In this instance 
though, the child has to hold their head both upright and in the middle for a period of 10 
seconds. This is very difficult for many of the children, and some of the children who 
were able to communicate more expressed that they did not know when their head was 
in the middle. There was no significant difference in functional item 2 seen over the 6 
visits (Friedman test, P=0.57). 
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Functional item 3- Leans forward, touches toy with preferred wrist or hand 
and re-erects. 
A small toy was placed on a board/tray an arms length in midline in front of the child's 
stomach. The child was then asked to touch the toy with their preferred hand. This is 
very difficult for many of the children, as it involves considerable language 
comprehension, as well as being stable enough to reach out and sit up to be completely 
successful in the task. There was no significant difference in functional item 3 seen 
over the 6 visits (Friedman test, p=0.23). 
Functional item 4- Leans forward and to right or left, touches toy with 
opposite hand, re-erects 
The intent of this item is to obtain trunk rotation, so either hand may be used. A small 
toy is placed on a board/tray in front of the child on the opposite side to the reaching 
hand. Place toy one arm length along the board, and the child is asked to touch the toy 
with the preferred hand. A maximum score of 4 is gained when the child leans towards 
and touches the toy with the opposite hand and re-erects. As with the previous task, this 
is quite a difficult concept for many of the children to understand as well as physically 
to execute. There was no significant difference in functional item 4 seen over the 6 
visits (Friedman test, p=0.73) 
Functional item 5- Lifts both upper limbs free of support 
In functional item 5, the child is asked/demonstrated to hold both arms up in the air, and 
keep them up for 3 seconds. Being able to hold both arms in the air is a pre-requisite for 
many upper limb skills, and requires trunk control and stability. There was no 
significant difference in functional item 5 seen over the 6 visits (Friedman test, p=0.54). 
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Functional item 6- Reaches forwardq grasps and releases toy with preferred 
hand 
In functional item 6a small toy was placed on the positioning board an arms length in 
front of the child and in the middle. The child is asked to pick up the toy and placed it 
into a container, placed in a 'convenient position' to the child. This item is a pre- 
requisite for grasping and releasing objects, important for play, self-care and 
occupational activities. However, it was quite a difficult task for many of the children, 
as again, language comprehension of a number of words is required. There was no 
significant difference in functional item 6 seen over the 6 visits (Friedman test, p=0.23). 
Functional item 7- Removes and replaces lid of screw-type jar 
In functional item 7, the lid was loosely screwed onto the jar, which was then placed 
onto the board/tray in front of the child. The child is then asked to open the jar. This 
item involves both strength and grip as well pronation and supination which is required 
for many upper limb activities such as hair brushing, writing and eating with utensils. 
Many children found this task very difficult, although a couple of children were able to 
complete the task perfectly, starting to show how wide the range of children's abilities 
who were taking part in the project. There was no significant difference in functional 
item 7 over the 6 visits (Friedman test, p=0.06). 
Functional item 8- Picks up raisin (or cheerio), places in mouth with 
preferred hand 
In this item, a raisin or cheerio (small round biscuit) is placed on the board in front of 
the child, and the child was asked to pick it up and put it in their mouth. Children with 
cerebral palsy - particularly four- limb cerebral palsy often have difficulty with eating or 
'dysphagia' problems, which may be difficulty with swallowing, to the point where they 
may aspirate or choke on their food. However, many of the children were unable to eat 
safely, or no information was known about their ability to eat safely and therefore this 
was excluded from the assessment. 
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Functional item 9- picks up pen, makes a mark on paper 
In functional item 9, a marker/felt tip pen with the placed onto the board/tray together 
with a piece of paper and the child was asked to make a mark on the paper. A couple of 
children were able to complete the task perfectly, however many children found it 
difficult, either because of physical or developmental limitations. There was no 
significant difference in functional item 9 over the 6 visits (Friedman test, p=0.27). 
Functional item 10 - Places dice in jar, one at a time, with preferred hand, in 
30 seconds. 
This functional item was modified for these children. With the first children who were 
enrolled in the pilot study found dice particularly difficult, as they tended to slip out of 
their fingers, which for the children who were able to perform the task became 
frustrating, so the task was modified to places pegs in jar, one at a time with preferred 
hand in 30 seconds. This was a very challenging task for this population, several 
children ignored the task, but many tried and even with the modification were unable to 
complete the task. There was no significant difference in functional item 10 over the 6 
visits (Friedman test, p=0.65). 
Functional item 11 - Moves wheelchair forward 45 feet in less than 30 
seconds 
In this item, children are asked to move themselves manually along a corridor in a 
wheelchair. None of the children could complete this task, however, one child was 
given an opportunity to self propel in between visits 5 and 6, hence the results. There 
was no significant difference in functional item 10 over the 6 visits (Friedman test, 
p=0.42). 
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Functional item 12 - Moves own wheelchair forward 10 feet along an 8 foot 
wide corridor 
None of the children were able to independently drive a wheelchair down a corridor or 
through a doorway without bumping into walls or doors, even though some of them 
actually were quite competent drivers. 
Summary and Discussion 
The Functional section items showed no change over the 6 visits. Each functional item 
is a sophisticated and complex skill in itself, and it would be unusual to see them change 
over the course of 4-6 months with this group of children - some of the children were 
not developmentally able to complete the tasks, some were physically unable to 
complete the tasks. Furthermore, many of the children have other difficulties, such as 
visual impairment or behavioural difficulties, and it would be slightly unfair to judge 
their ability on this scale that relies on children having both visual and auditory senses 
intact, a degree of language understanding, and motivation to perform the tasks. The 
scales were not sensitive to minor changes, nor did they have the capacity to record 
when children refused to undertake the tasks. The seated function section may be useful 
as a screening tool, but does not seem to be sensitive enough to measure changes in 
function. 
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Chapter 11: Relationships between Force, Pressure and 
Postural Alignment 
Introduction 
The purpose of this chapter is to explore the correlations between force measured at the 
kneeblocks, pressure measured at the sacral pad and the well as postural measurements. 
This is important to explore in addition to looking at the individual results, because a 
widely used theory is being examined. Firstly, the theory behind the use of sacral pad 
and kneeblock system implies that there should be a relationship between them. The 
second implication is that the forces exerted through the kneeblock and counter forces at 
the sacral pad will improve overall posture. 
A correlation is a measure of the linear relationship between two or more variables. 
They could be related in two ways - positively related, which occurs when one variable 
increases, so does the other variable. Or negatively related, which occurs when one 
variable increases as the other decreases. 
Correlation examines whether two variables are associated., and the simplest way 
method is to see whether they co-vary. The variance of a single variable represents the 
average amount that the data vary from the mean. When examining two variables, the 
measurement of correlation means that if one variable changes, that the other variable 
changes in a similar way. Or when one variable deviates from it mean, the other 
variable would be expected to vary from its mean in a similar way. 
In order to overcome the problem of dependence on the measurement scale, the 
covariance is converted into a standard set of units, known as standardisation. In this 
case in order to standardise the data, the standard deviation is used. Standard deviation 
is the average deviation from the mean for a variable. If any distance from the mean is 
divided by the standard deviation, this gives statistical distance in standard deviation 
units. 
If the covariance is expressed in a standard unit of measurement, it can be divided by the 
standard deviation. To calculate covariance the standard deviations of the two variables 
are then multiplied. before dividing by the product. This is called the Pearson product- 
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moment correlation coefficient. By standardising the covariance, the end product is a 
value that has to lie between -1 and +1. A coefficient of +1 indicates that the two 
variables are perfectly correlated and a coefficient of -1 indicates a perfect negative 
relationship. A coefficient of zero indicates no linear relationship at all, when one 
variable changes the other stays the same (Altman 199 1, Field 200 1). 
The data analysed in this chapter is the same data that has been analysed individually in 
the previous chapters - force from the force measurement device, measured in Newtonsl 
pressure from the pressure measurement device, measured in millimetres of mercury 
and converted to Pascal and postural alignment measured in degrees. All data is 
continuous data, and can be analysed using Pearson's correlation coefficient. In 
addition, scatter plots have been used to show the data graphically. Each data set has 
been compared with its equivalent - for example force from visit I correlated with 
pressure from visit 1, although because of the nature of multiple correlations, some 
correlations between unrelated data have been found to be statistically significant. 
Multiple significance testing gives a high probability of finding a significant difference 
by chance. Each test has a 5% chance of finding a false positive result when there is no 
real relationship (a Type I error). So if 6 groups of total combined force with 6 groups 
of average pressure are being calculated, the probability of finding at least one false 
positive correlation is much greater than 5%, and will approximate 25% (Altman, 1991). 
For example total combined force (all six visits) has been analysed with average 
pressure (all six visits). There is a positive correlation of 0.46, and with a statistical 
significance of p= 0.04 between total combined force measured at visit I and average 
pressure measured at visit 5, but no correlation between visit I and visit one, or visit 5 
and visit 5. It is likely that this result is a false positive. According to Altman (1991), if 
k paired comparisons are performed; the 'p' value obtained from each test should be 
multiplied by k. Therefore, for 6 comparisons for total combined force and average 
pressure, k is 6, and the adjusted significance value would be 6 multiplied by 0.04, 
which is 0.22 and no longer significant. This adjustment is known as the Bonferroni 
method, however it is said to be a conservative adjustment. In order to take account of 
this, only data for each matching set has been presented for force and pressure data, and 
only correlated data with the Bonferroni adjustment has been presented for postural 
alignment and force in this chapter. 
196 
Force and Pressure 
Force and pressure were analysed together using combined and differential forces over 
both the total time as well as steady state force, and the pressure used was the average 
pressure and maximum pressures measured. The reason for this is two fold. Firstly the 
theory that the sacral pad and kneeblock arrangement should be correlated for average 
force between the left and right forces measured at the kneeblocks, and the pressure 
measured at the sacral pad. This was the case for children without disability (chapter 8), 
where a positive linear relationship was shown, indicating that with this group of 
children, the kneeblock and sacral. pad arrangement are perforn-fing as theory states they 
should. For the children with cerebral palsy who took part in this study, if the system is 
improving or having an effect on pelvic tilt (that is correcting the pelvis in the sagittal 
plane), there should be a positive or negative correlation between average force and 
pressure. 
The second part of the theory is that working in the horizontal plane, correction of 
pelvic rotation. If the kneeblocks are having an effect on pelvic rotation, then it is likely 
that a relationship between differential force - that is the force measured between the left 
and right kneeblocks and pressure measured at the sacral pad will be correlated. 
However, only one statistically significant result at one visit was found, as shown in 
summary table 11.33. 
Average Pressure Maximum Pressure 
Total Average Force No Correlation No Correlation 
Average Steady State Force No Correlation No Correlation 
Total Differential Force No Correlation No Correlation 
Differential Steady State Force Positive Correlation visit 6 only 
p=0.03 (Bonferroni adjusted) 
No Correlation 
Table 11.33: Summary of correlations between force exerted on the kneeblocks and pressure 
measured at the sacral pad. 
Total average combined force and average pressure 
Total combined force is the average of left and right forces measured as the forces 
applied at the kneeblocks and averaged. In this instance, the average of left and right 
forces has been correlated with average pressure measured at the sacral pad. Visit I 
showed a Pearson's correlation coefficient (r) of 0.24, which was not statistically 
significant (p= 0.29) for the total combined force measured at visit I correlated with 
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average pressure measured at visit 1. The average force measured over the total time at 
visit 2 compared with the average pressure measured at visit 2 was not statistically 
significant (t-- 0.09, p= 0.68), nor was the result statistically significant at visit 3 (r-- 
0.25, p= 0.25), visit 4 (t-- 0.4l, p= 0.06), visit 5 (r-- 0.33, p= 0.13), or at visit 6 (r-- 
0.27, p= 0.23). These results are shown in table 11.34. 
Combined 
Force 
Total Time 
Visit I 
Combined 
Force 
Total Time 
Visit 2 
Combined 
Force 
Total Time 
Visit 3 
Combined 
Force 
Total Time 
Visit 4 
Combined 
Force 
Total Time 
Visit 5 
Combine 
d Force 
Total 
Time 
Visit 6 
Average Pressure 
Visit I Pearson Correlation 0.24 
Sig. (2-tailed) 0.28 
N 22 
Average Pressure 
Visit 2 Pearson Correlation 0.09 
Sig. (2-tailed) 0.68 
N 23 
Average Pressure 
Visit 3 Pearson Correlation 0.25 
Sig. (2-tailed) 0.25 
N 23 
Average Pressure 
Visit 4 Pearson Correlation 0.41 
Sig. (2-tailed) 0.06 
N 22 
Average Pressure 
Visit 5 Pearson Correlation 0.33 
Sig. (2-tailed) 0.13 
N 22 
Average Pressure 
Visit 6 Pearson Correlation 0.27 
Sig. (2-tailed) 0.23 
N 22 
Table 11.34: Table of Pearson's Correlation Coefficients and Probability. The visits have been 
compared with their counterparts (i. e. visit 1 with visit 1, visit 2 with visit 2). In this case, the 
average force between the left and right force applied through the kneeblock has been correlated 
with average pressure measured at the sacral pad 
Total Combined Average Force and Maximum Pressure 
Total combined force is the average of left and right forces measured as the force 
applied through the kneeblock. No correlation was found between average pressure at 
the sacral pad and total average force applied through a kneeblock. Therefore, it was 
important to see whether maximum pressure may have been the item that should be 
correlated with total average force. Therefore, the average of left and right forces has 
been correlated with maximum pressure, which is the maximum pressure of the 12-cell 
matrix - so the cell with the highest pressure showing. No statistically significant 
relationship was found between total combined force applied through a kneeblock and 
maximum pressure measured at the sacral pad for visit I (t-- 0.17, p= 0.44), visit 2 (r-- 
198 
0.3 1, p= 0.15), visit 3 (t-- 0.07, p= 0.74), visit 4 (t-- 0.10, p= 0.66), visit 5 (r-- 0.15, p= 
0.50), or visit 6 (t-- -0.1 O, p= 0.65). This is illustrated in table 11.35. 
Average Force 
Total Time 
Visit I 
Average Force 
Total Time 
Visit 2 
Average Force 
Total Time 
Visit 3 
Average Force 
Total Time 
Visit 4 
Average Force 
Total Time 
Visit 5 
Average Force 
Total Time 
Visit 6 
Maximum Pressure 
Visit I Pearson Correlation 0.17 
Sig. (2 tailed) 0.44 
N 22 
Maximum Pressure 
Visit 2 Pearson Correlation 0.31 
Sig. (2-tailed) 0.15 
N 23 
Maximum Pressure 
Visit 3 Pearson Correlation 0.07 
Sig. (2 tailed) 0.74 
N 23 
Maximum Pressure 
Visit 4 Pearson Correlation 0.10 
Sig. (2-tailed) 0.66 
N 23 
Maximum Pressure 
Visit 5 Pearson Correlation 0.15 
Sig. (2-tailed) 0.50 
N 22 
Maximum Pressure 
Visit 6 Pearson Correlation -0.10 
. 
Sig. (2-tailed) 0.65 
IN 1 22 
Table 11.35: Table of Pearson's Correlation Coefficients and Probability. The visits have been 
compared with their counterparts (i. e. visit 1 with visit 1, visit 2 with visit 2). In this case, the 
average force applied at the kneeblocks has been compared with maximum pressure, measured at 
the sacral pad. 
Average Steady State Force and Average Pressure 
Steady state force was defined as a stable period where the standard deviation was less 
than 4 Newton's. The time for the steady state force varies from 2.4 seconds 
(minimum), and 77.2 seconds (maximum). This variation is due to the difference in 
movement patterns of the participants, as well as their co-operation. In order to explore 
the correlation between force and pressure thoroughly, the average steady state force 
was analysed with average pressure. No statistically significant relationship was found 
between the average steady state force applied through a kneeblock and the average 
pressure measured at the sacral pad for visit I (t-- 0.29, p= 0.19), visit 2 (t-- 0.09, p= 
0.69), visit 3 (t-- 0.19, p= 0.38), visit 4 (r-- 0.39, p=0.07), visit 5 (t--0.33, p=0.13), or 
visit 6 (t-- -3 1, p= 0.16). This is illustrated in table 11.36. 
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Steady State 
Force 
Visit I 
Steady State 
Force 
Visit 2 
Steady State 
Force 
Visit 3 
Steady State 
Force 
Visit 4 
Steady State 
Force 
Visit 5 
Steady State 
Force 
Visit 6 
Average Pressure 
Visit I Pearson Correlation 0.29 
Sig. (2-tailed) 0.19 
N 22 
Average Pressure 
Visit 2 Pearson Correlation 0.09 
Sig. (2-tailed) 0.69 
N 23 
Average Pressure 
Visit 3 Pearson Correlation 0.19 
Sig. (2-tailed) 0.38 
N 23 
Average Pressure 
Visit 4 Pearson Correlation 0.39 
Sig. (2-tailed) 0.07 
N 22 
Average Pressure 
Visit 5 Pearson Correlation 0.33 
Sig. (2-tailed) 0.13 
N 22 
Average Pressure 
Visit 6 Pearson Correlation 0.31 
ISig. 
(2-tailed) 22 0.16 
IN 
Table 11.36: Table of Pearson's Correlation Coefficients and Probability. The visits have been 
compared with their counterparts (i. e. visit 1 with visit 1, visit 2 with visit 2). In this case, the 
average steady state force applied through the kneeblocks is compared with the average pressure 
measured at the sacral pad 
Average Steady State Force and Maximum Pressure 
The average steady state force was compared with maximum pressure measured at the 
sacral pad, before concluding that for the group of children assessed, there does not 
appear to be a correlation between these two measurements. No statistically significant 
relationship was found between average steady state force applied through a kneeblock 
and maximum pressure measured at the sacral pad for visit I (r-- 0.22, p= 0.32), visit 2 
(r-- -0.02, p= 0.92), visit 3 (t-- 0.03, p= 0.88), visit 4 (t-- 0.04, p= 0.87), visit 5 (t-- 
0.16, p= 0.48), or visit 6 (t-- -0.23, p= 0.32). This is illustrated in table 11-37. 
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Average 
Steady State 
Force 
visit I 
Average 
Steady State 
Force 
Visit 2 
Average 
Steady State 
Force 
Visit 3 
Average 
Steady State 
Force 
Visit 4 
Average 
Steady State 
Force 
Visit 5 
Average 
Steady State 
Force 
Visit 6 
Maximum Pressure 
Visit I Pearson Correlation 0.22 
Sig. (2-tailed) 0.32 
N 22 
Maximum Pressure 
Visit 2 Pearson Correlation -0.02 
Sig. (2-tailed) 0.92 
N 23 
Maximum Pressure 
Visit 3 Pearson Correlation 0.03 
Sig. (2-tailed) 0.88 
N 23 
Maximum Pressure 
Visit 4 Pearson Correlation 0.04 
Sig. (2-tailed) 0.87 
N 23 
Maximum Pressure 
Visit 5 Pearson Correlation 0.16 
Sig. (2-tailed) 0.48 
N 22 
Maximum Pressure 
Visit 6 Pearson Correlation -0.21 
Sig. (2-tailed) 0.32 
N 22 
Table 11.37: Table of Pearson's Correlation Coefficients and Probability. The visits have been 
compared with their counterparts (i. e. visit 1 with visit 1, visit 2 with visit 2). In this case, the 
average steady state force applied through the kneeblocks is compared with the maximum pressure 
measured at the sacral pad 
Summary 
No correlation was found between force applied through a kneeblock and pressure 
measured at the sacral pad for children with cerebral palsy. This was not the case for 
children without disabilities as shown in Chapter 8. Force applied over the whole time 
range when children were sitting still was analysed for both the average of the left and 
right kneeblock as well as the difference between them. This was repeated for a steady 
state force, and these force measurements were correlated with average pressure 
measured through the 12-cell matrix as well as the maximum pressure measured at any 
one time. Despite exploring all domains of force and pressure that may logically be 
correlated, no correlations were found to be statistically significant, suggesting that there 
is no consistent relationship between the force applied through the kneeblock and 
pressure measured at the sacral pad for children with cerebral palsy. This implies that 
the kneeblocks are unlikely to correct pelvic tilt in this group of children, however 
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further investigation of force and pressure measured together with postural alignment 
item 7- Pelvic Tilt. 
Differential Force and Pressure 
The second reason for applying kneeblock and sacral pad to the pelvis is to correct 
pelvic rotation. If the kneeblocks are having an effect on pelvic rotation, then it is likely 
that a relationship between differential force - that is the force measured between the left 
and right kneeblocks and pressure measured at the sacral pad will be correlated. 
Total Differential Force and Average Pressure 
Total differential force is that which is the difference between the force applied through 
the left and right kneeblocks, measured over the whole time the force was being 
measured, and maximum pressure is the maximum value of one cell of the 12 cell 
matrix as has been previously described. No statistically significant relationship was 
found between the total differential force measured through the kneeblock and the 
average pressure measured at the sacral pad for visit I (r-- -0.09, p= 0.68), visit 2 (r-- 
0.07, p= 0.75), visit 3 (r-- 0.12, p= 0.58), visit 4 (t-- -0.21, p=0.36), visit 5 (1--0.04, p= 
0.87), or visit 6 (t--= 0.27, p= 0.22). This is illustrated in table 11.38. 
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Total Total Total Total Total Total 
Differential Differential Differential Differential Differential Differential 
Force Force Force Force Force Force 
Visit I Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 
Average _ 
Pressure 
Visit I Pearson Correlation -0.09 
Sig. (2-tailed) 0.68 
N 22 
Average 
Pressure 
Visit 2 Pearson Correlation 0.07 
Sig. (2-tailed) 0.75 
N 23 
Average 
Pressure 
Visit 3 Pearson Correlation 0.12 
Sig. (2-tailed) 0.58 
N 23 
Average 
Pressure 
Visit 4 Pearson Correlation -0.21 
Sig. (2-tailed) 0.36 
N 22 
Average 
Pressure 
Visit 5 Pearson Correlation 0.04 
Sig. (2-tailed) 0.86 
N 22 
Average 
Pressure 
Visit 6 Pearson Correlation 0.7 
Sig. (2-tailed) 0.22 
N 22 
Table 11.38: Table of Pearson's Correlation Coefficients and Probability. The visits have been 
compared with their counterparts (i. e. visit 1 with visit 1, visit 2 with visit 2). In this case, the total 
difference of force applied through the left and right kneeblocks is compared with the average 
pressure measured at the sacral pad. 
Total Differential Force and Maximum Pressure 
No statistically significant relationship was found between the total differential force 
measured through the kneeblock and the maximum pressure measured at the sacral pad 
for visit I (t-- -0.09, p= 0.68), visit 2 (t-- -0.13, p= 0.53), visit 3 (r-- 0.04, p= 0.87), visit 
4 (r-- -0.28, p= 0.19), visit 5 (t-- 0.11, p= 0.6 1), or visit 6 (t-- -0.05, p= 0.84). This is 
illustrated in table 11.39. 
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Total 
Differential 
Force 
Visit I 
Total 
Differential 
Force 
Visit 2 
Total 
Differential 
Force 
Visit 3 
Total 
Differential 
Force 
Visit 4 
Total 
Differential 
Force 
Visit 5 
Total 
Differential 
Force 
Visit 6 
Maximum Pressure 
Visit I Pearson Correlation -0.09 
_ 
Si 
. (2-tailed) 
0.68 
N 22 
Maximum Pressure 
Visit 2 Pearson Correlation -0.14 
ed) 0.54 
N 23 
Maximum Pressure 
Visit 3 Pearson Correlation 0.04 
Sig. (2-tailed) 0.87 
N 23 
- Maximum Pressure 
Visit 4 Pearson Correlation -0.29 
Sig. (2-tailed) 0.19 
N 23 
Maximum Pressure 
Visit 5 Pearson Correlation 0.11 
Sig. (2-tailed) 0.61 
N 22 
Maximum Pressure 
Visit 6 Pearson Correlation -0.05 
ed) 0.84 
N 22 
Table 11.39: Table of Pearson's Correlation Coefficients and Probability. The visits have been 
compared with their counterparts (i. e. visit 1 with visit 1, visit 2 with visit 2). In this case, the total 
difference of force applied through the left and right kneeblocks is compared with the maximum 
pressure measured at the sacral pad. 
No statistically significant correlation between difference between force applied through 
the left and right kneeblocks and either average or maximum forced measured at the 
sacral pad. The next stage is to measure the difference applied through the kneeblocks 
of the left and right force measured in a steady state. 
Differential Steady State Force and Average Pressure 
Steady state force was further correlated with average pressure. Steady state force was 
defined as a stable period where the standard deviation was less than 4 Newton's. In 
order to explore the correlation between differential force and pressure thoroughly, the 
difference in force applied through the left and right kneeblocks in a steady state was 
analysed with average pressure. 
No statistically significant relationship was found between the difference in steady state 
force applied at the left and right kneeblocks and the average pressure measured at the 
sacral pad for visit I (r-- 0.15, p= 0.52), visit 2 (r-- 0.08, p= 0.74), visit 3 (r-- 0.12, p= 
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0.59), visit 4 (t-- -0.09, p= 0.7 1) or visit 5 (t-- -0.12, p= 0.59). However, a statistically 
significant positive correlation between the difference in left and right steady state force 
applied through the kneeblock and average pressure was found for visit 6 (t-- 0.58, p< 
0.01), which remains significant when adjusted by the Bonferroni method (p= 0.030). 
This is an unusual result, because there are no other statistically significant correlations 
between the two items. Visit 6 showed significant results for some of the postural 
alignment items and correlation, which should be explored further. This is illustrated in 
table 11 . 40 and 
figure 11.80. 
Steady State 
Differential 
Force 
Visit I 
Steady State 
Differential 
Force 
Visit 2 
Steady State 
Differential 
Force 
Visit 3 
Steady State 
Differential 
Force 
Visit 4 
Steady State 
Differential 
Force 
Visit 5 
Steady State 
Differential 
Force 
Visit 6 
Average Pressure 
Visit I Pearson Correlation 0.15 
Sig. (2-tailed) 0.52 
N 22 
Average Pressure 
Visit 2 Pearson Correlation 0.08 
Sig. (2-tailed) 0.74 
N 23 
Average Pressure 
Visit 3 Pearson Correlation 0.12 
Sig. (2-tailed) 0.59 
N 23 
Average Pressure 
Visit 4 Pearson Correlation -0.08 
0.71 
N 22 
Average Pressure 
Visit 5 Pearson Correlation -0.12 
Sig. (2-tailed) 0.59 
N 22 
Average Pressure 
Visit 6 Pearson Correlation 0.58 
, 
Sig. (2-tailed) 0.005 
I 
N 
I ?? 
Table 11.40: Table of Pearson's Correlation Coefficients and Probability. The visits have been 
compared with their counterparts (i. e. visit 1 with visit 1, visit 2 with visit 2). In this case, the total 
difference of force applied through the left and right kneeblocks is compared with the average 
pressure measured at the sacral pad. 
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Figure 11.80: Scatter plots of the correlation between difference between left and right steady state 
force applied through the kneeblock force measurement device on the Y-axis and the average 
pressure measured at the sacral pad on the X-axis for visit 6. A line of best fit is shown. 
Differential Steady State Force and Maximum Pressure 
Differential steady state force is that which is the difference between the force applied 
through the left and right kneeblocks, when both left and right forces are in a steady 
state. The maximum pressure is the maximum value of one cell of the 12-cell matrix as 
has been previously described. No statistically significant relationship was found 
between the differential steady state force applied through the left and right kneeblock 
and the maximum pressure measured at the sacral pad for visit I (1-- 0.13, p= 0.55), visit 
2 (r-- -0.09, p= 0.67), visit 3 (r-- 0.04, p= 0.85), visit 4 (r-- -0.21, p= 0.33), visit 5 (r-- 
0.02, P= 0.95), or visit 6 (t--= 0.16, p= 0.46). This is illustrated in table 11.4 1. 
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Steady State 
Differential 
Force 
Visit I 
Steady State 
Differential 
Force 
Visit 2 
Steady State 
Differential 
Force 
Visit 3 
Steady State 
Differential 
Force 
Visit 4 
Steady State 
Differential 
Force 
Visit 5 
Steady State 
Differential 
Force 
Visit 6 
Maximum Pressure 
Visit I Pearson Correlation 0.13 
Sig. (2-tailed) 0.55 
N 22 
Maximum Pressure 
Visit 2 Pearson Correlation -0.09 
Sig. (2-tailed) 0.67 
N 23 
Maximum Pressure 
Visit 3 Pearson Correlation 0.04 
Sig. (2-tailed) 0.85 
N 23 
Maximum Pressure 
Visit 4 Pearson Correlation -0.21 
Sig. (2-tailed) 0.33 
N 23 
Maximum Pressure 
Visit 5 Pearson Correlation 0.02 
d) 0.95 
N 22 
Maximum Pressure 
Visit 6 Pearson Correlation 0.16 
. 
Sig. (2-tailed) 0.48 
IN 
221 
Table 11.41: Table of Pearson's Correlation Coefficients and Probability. The visits have been 
compared with their counterparts (i. e. visit 1 with visit 1, visit 2 with visit 2). In this case, the total 
difference of force applied through the left and right kneeblocks is compared with the maximum 
pressure measured at the sacral pad. 
Force and Posture 
If the forces applied at the kneeblocks was having an effect on posture, then it would be 
logical to suggest a correlation between force applied at the kneeblocks and the static 
postural alignment items of the SPCM, in particular those items involving the lower 
limbs and the pelvis, and to a lesser extent the trunk, head and upper limbs. Therefore 
the individual items of the SPCM have been correlated with average force applied 
through a kneeblock, both measured over the total time and in a steady state, as well as 
the differential force, that is the difference between the left and right forces applied at 
the kneeblock expressed both as a difference over the total data collection time and in a 
steady state. As with the relationship between force and pressure, the number of 
repeated measures increases the likelihood of a false positive result. The significant 
results have been adjusted using the Bonferroni method and are shown in summary 
tables 11.42 and 11.43. After adjustment, there were no statistically significant 
relationships between force and posture. 
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Total Average Force Total Average Average Steady Average Steady 
Force Adjusted State force State Force 
Adjusted 
PAI. - Pelvic Correlation visit 6 No Correlation Correlation visit 6 No correlation 
only only Obliquity (p= 0.020) (p= 0.04) 
PA2 - Trunk No Correlation No Correlation No Correlation No Correlation 
Lateral Shift 
PA3 - Shoulder Positive Correlation No Correlation Positive Correlation No Correlation 
Height visit 3 only (p= 0.02) visit 3 only (p= 
0.02) 
PA4 - Head Lateral No Correlation No Correlation No Correlation No Correlation 
Tilt 
PA5- Right Hip No Correlation No Correlation No Correlation No Correlation 
Rotation 
PA6 - Left Hip No Correlation No Correlation No Correlation No Correlation 
Rotation 
PA7 - Pelvic Tilt Negative Correlation, No Correlation Negative No Correlation 
visit I only (p= 0.02) Correlation visit I 
only (p= 0.03) 
PA10 - Trunk Negative Correlation No Correlation Negative No Correlation 
Inclination visit I only (p= 0.018) Correlation visit I 
only (p= 0.04) 
PA11 - Head No Correlation No Correlation Negative No Correlation 
anterior/l Posterior Correlations visit 3 
Tilt (P= 0.04) & visit 5 
(p = 0.02) 
PA12 - Right Hip Positive Correlation No Correlation Positive correlation No Correlation 
Flexion/ Extension visit 5 only (p= 0.01) visit 5 only 
(p= 0.05) 
PA13 - Left Hip Positive Correlation No Correlation Positive Correlation No Correlation 
Flexion/ Extension visit 2 only (p= 0.04) visit 2 only (p= 
0.04) 
PA14 - Right Knee No Correlation No Correlation No Correlation No Correlation 
Flexion/ Extension 
PA15 Left Knee No Correlation No Correlation No Correlation No Correlation 
Flexion/ Extension 
PA16 - Right Ankle No Correlation No Correlation No Correlation No Correlation 
Dorsi/ Plantar 
Flexion 
PA17 - Left Ankle Positive Correlation No Correlation No Correlation No Correlation 
Dorsi/ Plantar visit 6 only (p= 0.02) 
Flexion 
PA18 - Pelvic Positive Correlation No Correlation No Correlation No Correlation 
Rotation visit 6 only (p= 0.04) 
PA19 - Upper 
__ No Correlation No Correlation Positive No Correlation 
Trunk Rotation Correlation Visit 5 
only (p= 0.03) 
PA21 - Right Hip No Correlation No Correlation No Correlation No Correlation 
Ad/Abduction 
PA22 - Left Hip Positive Correlation No Correlation Positive Correlation No Correlation 
Ad/Abduction visit 3 (p= 0.03) and visit 3 (p= 0.03) 
visit 6 (p= 0.01) and visit 6 (p= 
0.02) 
Table 11.42: Summary table of postural alignment items correlated with average total and steady 
state force, and the Bonferroni adjustment. 
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Total Differential Total Differential Differential Steady Differential Steady 
Force Force Adjusted State force State Force 
Adjusted 
PAI, - Pelvic Obliquity No Correlation No Correlation No Correlation No Correlation 
PA2 - Trunk Lateral No Correlation No Correlation No Correlation No Correlation 
Shift 
PA3 - Shoulder No Correlation No Correlation No Correlation No Correlation 
Height 
PA4 - Head Lateral No Correlation No Correlation No Correlation No Correlation 
Tilt 
PA5 - Right Hip Negative No Correlation Negative No Correlation 
Rotation Correlation visit 5 Correlation visit 5 
only (p= 0.04) only (p= 0.05) 
PA6 - Left Hip No Correlation No Correlation Negative No Correlation 
Rotation Correlation visit 5 
only (p= 0.03) 
PA7 - Pelvic Tilt Negative No Correlation No Correlation No Correlation 
Correlation visit I 
only (p= 0.02) 
PA10 - Trunk No Correlation No Correlation Negative No Correlation 
Inclination Correlation visit 5 
only (p= 0.03) 
PAIJ. - Head No Correlation No Correlation No Correlation No Correlation 
Anterior/Posterior 
Tilt 
PA12 -Right Hip No Correlation No Correlation No Correlation No Correlation 
Flexion/ 
Extension 
PA13 - Left Hip No Correlation No Correlation No Correlation No Correlation 
Flexion/ Extension 
PA14 - Right Knee No Correlation No Correlation No Correlation No Correlation 
Flexion/ Extension 
PA15 - Left Knee Positive Correlation No Correlation No Correlation No Correlation 
Flexion/ Extension visit 5 only 
(P= 0.01) 
PA16 - Right Ankle Negative No Correlation Negative No Correlation 
Dorsi/ Plantar Flexion Correlation visit 2 Correlation visit 2 
only (p= 0.04) only (p= 0.04) 
PA17 - Left Ankle Negative No Correlation Negative No Correlation 
Dorsi/ Plantar Flexion Correlation visit 2 Correlation visit 2 
only (p= 0.03) only (p= 0.02) 
PA18 - Pelvic Positive Correlation No Correlation No Correlation No Correlation 
Rotation visit 6 only 
(p= 0.03) 
PA19 - Upper Trunk No Correlation No Correlation No Correlation No Correlation 
Rotation 
PA21 - Right Hip No Correlation No Correlation No Correlation No Correlation 
Ad/Abduction I 
PA22 - Left Hip No Correlation I No Correlation No Correlation No Correlation 
Ad/Abduction 
Table 11.43: Summary table of postural alignment items correlated with total and steady state 
differential force, before and after the Bonferroni adjustment. 
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Summary and Discussion 
This chapter has looked at the relationships between force and pressure. Force and 
postural alignment were reported in tabular format, because there were no statistically 
significant relationships between them. The theory behind using sacral pad and 
kneeblocks to counterbalance each other implies that they will have a relationship, and 
that that relationship should be linear. This was the case for children without disabilities 
(chapter 7), but for this cohort of children with cerebral palsy, no statistically significant 
relationship was found. At one visit only there was a positive correlation between 
differential steady state force measured through the kneeblocks and average pressure 
measured at the sacral pad, and this relationship was not caused by chance, as it 
remained statistically significant despite Bonferroni adjustment. This is encouraging, 
but not convincing, and the conclusion appears to be that there is no relationship 
between force measured at the kneeblocks and pressure measured at the sacral pad. 
Force was then analysed with postural alignment. If force were improving posture, then 
a linear relationship between the postural alignment items and force would be seen. In 
particular, the seating system aims to improve pelvic tilt and rotation. Once adjusted for 
type I error, no relationships between force and posture were seen, and this is reported 
in tables 11.42 and 11.43. 
The characteristics of the children are important. It may be that the population of 
children seen in this cohort are too severe in their motor involvement to make use of this 
system. Furthermore, it has been suggested that children use this system as young as 18 
months of age in order to prevent their hips from dislocating (Pountney et al. 2002). 
The children in this subgroup were of at least school age and it has been recommended 
that children should start to use seating system designed along biornechanical and 
neurodevelopmental principles from the age of 18 months (Pountney et al. 2002). The 
mean age for this cohort of children was 10 years and 9 months at the beginning of the 
trial, with the youngest child 5 years of age. Perhaps the study should be repeated on 
younger children with less severe forms of cerebral palsy, as it appears this may be the 
target group of children. 
Further bias may be involved in this study. This group of children was difficult to 
recruit into the study as they were recruited through their local therapists. Many 
therapists were reluctant to participate in the study because of their belief that 'clearly 
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kneeblocks work' and stated that it would not be helpful to investigate them. Other 
biases may exist in the type of parent and family who were able to participate in the 
project - perhaps the parents who agreed to participate were those who were unhappy 
with the seating system. However, the sample came from a wide geographical range 
and did include children who attended full time residential school, to those who attended 
mainstream school, so this bias should be accounted for. 
In conclusion, there appears to be good evidence that orthogonal seating systems with 
kneeblocks do not work by force at the kneeblocks and counterforce at the sacral pad 
acting to correct pelvic tilt and rotation in children with severe cerebral palsy. It is 
possible that counter forces could be acting along the seat and sides of the chair, but 
these clearly will not be expected to have an effect upon the pelvis. The clinical 
implications are that older children with severe cerebral palsy do not respond to the 
seating system, and alternative should be explored. 
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Chapter 12: Analysis of Static Biomechanics 
Introduction 
Adaptive seating systems that use a sacral pad and kneeblock arrangement have been 
developed using the principles of static biornechanics applied to a 'normal' skeletal 
system. Biomechanics is the study of mechanics specifically related to the interaction of 
the human body to the environment. Biomechanical analysis for children with cerebral 
palsy has concentrated on gait pattern, (Holt and Jeng 1992). Here, the biomechanics 
being discussed are 'Static biomechanics'. Static biomechanics involves the description 
and analysis of forces that 'tend' to cause motion. In these cases of a child sitting still in 
the chair, the analysis will involve the interaction of the pelvis and thigh and their 
relationship with the adaptive seating system that they are using as a prerequisite of their 
inclusion into the project. By theoretically describing and analysing the forces that may 
tend to move the children's pelvis and hip joint, a judgement can be made about whether 
the forces acting on the pelvis and hip joints tend to correct the position of the pelvis and 
hip joint, hold the pelvis and hip joints in equilibrium, or possibly whether they tend to 
deform the pelvis and hip joints. 
The biornechanical analyses undertaken in this chapter are based on several premises. 
Firstly, that the children in the analysis are 'sitting still' in their chair. This is not always 
the case, particularly with children whose movement disorder or behavioural 
characteristics involve them moving about on their base. The quantities analysed then 
are those taken as an average, for both force and pressure. The postural, force and 
pressure results in the theoretical discussion are those from visit 3. At visit 3, the 
children have had two 'run in' or placebo visits and is likely to have been more 
comfortable with the researcher than at visits I or 2, and visits 4,5 and 6 are post 
intervention. 
The children have been analysed in three planes - coronal (from the front), sagittal (from 
the right side) and horizontal (from above). Four parameters need to be ascertained in 
order to analyse the mechanics of bodies. The size of an object, or its length, the mass 
of an object and where that mass (centre of mass) is located around that object. Finally, 
when analysing body segments, it is important to understand the distribution of the mass 
about the centre of mass, and this is called the radius of gyration. This is important for 
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bodies in motion and is analysed with acceleration. However, in this analysis, the only 
acceleration is that applied to gravity, and therefore the radius of gyration can be 
ignored here. 
The children are theoretically in a static state, so the forces are multiplied by the 
distance over which they are acting, and the resultant is the tendency to move a 
joint/body segment this is known as the moment. The distances over which the forces 
are acting have either been measured directly, or discovered through the trigonometric 
functions of a triangle - sine, cosine and tangent (figure 12.83). In order to perform 
trigonometric functions, the angle of a triangle is required, and the angles are those 
measured at visit 3 with the children sitting in their seating system wearing their 
kneeblocks. 
Sine 0: sin O= opposite/hypotenuse 
Cosine 0: cos 0= adjacent/hypotenuse 
Tangent 0: tan 0= opposite/adjacent 
222 And Pythagoras theorem states that: a+b=c 
Figure 12.81: Properties of a right-angled triangle, used to rind distance over which a force is 
acting when analysing biomechanical data 
In order to set a standard for the biornechanical analysis, data from a typical non- 
disabled child from the pilot project has been analysed. This example shows that in 
theoretical analysis, using a sacral pad and kneeblock system is plausible for children 
without disability. Two further full examples have been illustrated here: subject 5006, 
for whom the system is not successful, and subject 5058, for whom the seating system 
works reasonably well. All 33 subjects were analysed biomechanically, and the detail of 
the remaining analyses are shown appendix 10. These three examples have been 
chosen to show the detail of the workings of the theoretical analyses. However, the 
results and implications of the biomechanical analyses have been summarised in a series 
of tables following these examples. 
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adjacent 
The forces acting on the body that have been measured are those applied through the 
kneeblock force measurement device. The second force was the force measured through 
the sacral pad. This was measured in tenns of pressure exerted. In order to find force: 
Pressure Force 
Area 
And: Force Pressure x Area 
In order to find the force generated at the sacral pad, the average pressure of one cell of 
the 12 cell sensing array measured at the sacral pad is multiplied by area over which the 
pressure is acting - the area of one cell of the 12 cell sensing array. The diameter of 
each cell is 20 mm (0.020m) so the radius is 10 mm. To find the area: 
Area of a circle 7rr 2 
Area cell 3.14 x 10-4 Metres (m) 
Where n 3.14 
Radius r 0.01 
So the force (Newtons) measured at the sacral pad will be the pressure measured in 
Pascal multiplied by 3.14 x 10-4. 
The third force measured is that of centre of mass. The centre of mass of a body is that 
point that the mass of a body is concentrated. In the case of a limb segment, the centre 
of mass will be situated somewhere within the limb. The distance over which the centre 
of mass is acting is the distance from the centre of mass to the centre of the joint 
segment. The position of the centre of mass is internal and has been found in the past by 
balancing the limb segment on a reaction board where the position of the centre of mass 
can be found by taking moments about one of the supports. However, an obvious 
limitation to this is that the body segment cannot be attached at the time. The positions 
of the body segment centres of mass are expressed as a table in terms of a percentile of 
the overall segment length taken from the proximal joint of each segment. In this case 
the analysis will only take the segments of the head, arms and trunk and the thigh. The 
body segment parameters for these segments are in table 12.44. The reference table 
used in this project is that developed by Contini and Drillis in 1966 (reproduced from 
Winter, 1990) (Appendix 11), which is acknowledged to be a well thought out and 
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carefully executed study of body segment parameters of young men, by determining 
body segment volumes by lowering a body segment into water in small equidistant 
steps, and the centre of mass assumed to be coincident with the mid-volume. Other 
attempts have been made to further define body segment parameters, but the majority 
are on young male and occasionally female adult participants, and none have been found 
more reliable. Therefore the Contini and Drillis body segment parameters are used, but 
with the understanding that they would have a different distribution if developed firstly 
for children and secondly for disabled children. Table 12-44 gives an example of the 
body Contini and Drillis body segment parameters that were used for this analysis 
Body Segment Segment Weight/ Total 
Body Weight 
Centre of 
Mass/Segment Length 
Thigh 0.10 0.43 
Head, Arms, Trunk 0.68 0.63 
Table 12.44: Body segment parameters for thigh and head, arms and trunk. 
Definitions for Analysis 
Abbreviations will be used for convenience during biornechanical. analysis as follows: 
Momenthip Tendency to turn around a joint (in this case hip) 
Mo Abbreviation of moment 
Force, p Force (measured at the sacral pad) 
F Force 
distancefemur --': Distance over which the force is acting (in this case the 
length of the femur) 
d Distance 
Forcekb Force measured at the kneeblocks 
Mg Acceleration due to gravity 
HAT Head, arms and trunk 
m mass 
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Biomechanical Analysis - Non-disabled Child 
Before analysing the children with cerebral palsy, it is logical to analyse the observed 
results of a child with 'normal' biornechanics. The information required for analysis is 
shown in Table 12.45. The angular deviations used correspond directly to the Seated 
Postural Control Measure items (appendix 8). 
Body Information Quantity and Units 
Weight 37.45 kg 
Pelvic Height 0.13 m 
Pelvic Width 0.26 m 
Pelvic Depth 0.11 M 
Femur Length - Right 0.35 m 
Femur Length - Left 0.35 m 
Pelvic Obliquity 00 
Pelvic Tilt 00 
Pelvic Rotation 00 
Trunk Lateral Shift 00 
Trunk Inclination 00 
Hip Flexion - Right 2' extension 
Hip Flexion - Left 2' extension 
Hip Abduction - Right 200 
Hip Abduction - Left 230 
Total Average Force - Right 24.46N 
Total Average Force - Left 23.89N 
Total Average Force - Combined 24.17N 
Average Pressure Sacral Pad 6472.80 Pa 
Average Force Sacral Pad 2.03N 
Table 12.45: Information required for theoretical analysis of biomechanical analysis. 
In order to theoretically analyse the information, the first stage of analysis is to draw a 
'Free body diagram', that is a diagram that incorporates the information that will be 
analysed, as in figure 12.82. 
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Coronal Plane (Anterior View) 
Centre of Mass 
Figure 12.82: Free body diagram - representation of the body of a non disabled child, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro-iliac 
joint, and the two ASIS's, with a line joining them. 
The forces from the kneeblocks work through the femur to the hip joint. Therefore, if 
the pelvis is in line - there is 00 of pelvic obliquity, then there is no distance for the 
force to act over in order to create a moment, or a tendency to turn. Secondly, the centre 
of mass (mg) is acting through the centre of the pelvis at the sacroiliac joint; so again, 
there is no distance for the force according to gravity to work. Therefore, this body in 
the coronal plane can be shown to be in equilibrium. 
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Sagittal View (Right Lateral Side) 
Centre of Mass 
F=2.03 
d=0.13 
F=24.17N I 
Figure 12.83: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of a 
non disabled child, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
This information will be analysed in two parts - firstly, the forces acting on the pelvis 
and secondly the forces acting on the hip joint. 
Pelvic Tilt 
Momentpelvis = (Forcesp) (distance) + (Forcekb)(distance) ± mg(HAT) (distance) 
However, in this case, the distance over which the centre of mass/gravity would be 
working is Orn, as the force should be balanced over the centre of the pelvis. 
Mo = (2.03)(0.13) + (24.17)(0.13) 
Mo = 3.40 Nm tendency to (tt) push pelvis in a clockwise direction 
In theory, in a normal situation, the kneeblock and sacral pad system demonstrate a 
tendency to correct any backward pelvic tilt. 
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Hip FlexionlExtension 
Momenthip = (Force, p)(distance) + (Forcekb)(distance) ± mg(HA T) (distanceFeinur)(0.433) 
Where Momenthip is the tendency to flex hip in a clockwise direction and the tendency to 
extend hip in an anticlockwise direction. The force at the sacral pad and kneeblock will 
be acting on a distance to flex the hip, and the centre of mass of the thigh will be acting 
in the opposite direction with a view to extending the hip joint. 
So: Mo = (2.03)(0.13) + (24.17)(0.13) - (37.34)(0.1)(9.81)*(0.35)(0.43) 
Mo = 2.15 Nm tendency to extend the hip. 
*9.81 Newtons = acceleration due to gravity 
Therefore in a sagittal plane, the forces in the sacral pad and kneeblock system tend to 
forwards tilt the pelvis. However, these forces also show a tendency to extend the hip 
joint. 
Horizontal Plane 
In a horizontal plane, the pilot child had both femurs abducted. The moments about 
both hips involve the forces acting at the sacral pad as a counter to the force measured at 
the kneeblock. The line of force action or distance of the force at the sacral pad is the 
width of the pelvis, which is 26 cm. 
F=2.03 
Right IF IF IF Left 
20' d=0.26m 23' 
d=0.35m d=0.35m 
F=24.46N 
F=23.89N 
Figure 12.84: Free body diagram of horizontal view - that is view from above of non-disabled pilot, 
showing force at sacral pad, total average force of both kneeblocks at the knee, the distance (femur 
length) over which the forces are acting. There is no centre of mass/gravity as the horizontal plane 
is in a gravity-eliminated position. 
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Right Hip 
MornentRHIP ---: (ForceKB)(Distance) - (Forcesp) (Distance) 
Figure 12.85: Right angled triangle representing the right hip and femur, abduction from the 
predefined neutral position and the distance over which the force applied through the kneeblock is 
working (0.35sin200). 
So, force at the kneeblocks works at distance away from hip: 
Mo = (24.46)(0.35sin2O) - (2.03)(0) 
Mo = 2.93 Nm tendencY to abduct right hip 
Left Hip 
MomentLHIP --,: (ForceKB)(Distance) - (Forcesp) (Distance) 
Figure 12.86: Right angled triangle representing the left femur, abduction from the predefined 
neutral position and the distance over which the force applied through the kneeblock is working 
(0.35sin23'). 
So, force at the kneeblocks works at distance away from hip: 
Mo = (2.03)(0) - (23.89)(0.35sin23) 
Mo = 3.27 Nm tendency to abduct left hip 
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d=0.35sin23' 
Summary of biomechanical analysis for non-disabled child 
Looking at the child from the front (the coronal plane), the kneeblock and sacral pad 
force system is in equilibrium; the forces do not have any distance to work along, and 
therefore no tendency to turn a joint. In the horizontal plane, or looking at the body 
from the side, the sacral pad and kneeblock system does tend to make the pelvis more 
upright, but the hips still have a tendency to extend. Finally in the horizontal plane, or 
looking at the pelvis from above, both hips show a tendency to abduct, which is partly 
what the system is designed to do. Overall, for a non-disabled child, the seating system 
appears, in theory, to be able to perform quite effectively. 
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Biomechanical Analysis - Participant 5006 
Participant 5006 was aged between II years and 8 months and 12 years and 2 months at 
the time of the data collection period. She had a predominantly spastic type of 
movement disorder and considerable learning difficulties. Her therapists and parents 
were concerned about the period without the kneeblocks and replaced them within one 
day, as they felt that the posture of her legs was unacceptable. The information required 
for biornechanical analysis is shown in Table 12.46. 
Body Information Quantity and Units 
Weight 28.7 kg 
Pelvic Height 0.17 m 
Pelvic Width 0.28 m 
Femur Length - Right 0.44 m 
Femur Length - Left 0.45 m 
Pelvic Obliquity 22' higher on right 
Pelvic Tilt 15' backwards 
Pelvic Rotation 17' forward on left 
Trunk Lateral Shift 14' across to right 
Trunk Inclination 17' backwards 
Hip Flexion - Right 7' extension 
Hip Flexion - Left 2' extension 
Hip Abduction - Right 8' adduction 
Hip Abduction - Left 7' adduction 
Total Average Force - Right 17.42N 
Total Average Force - Left 15.19N 
Total Average Force - Combined 16.3 1N 
Average Pressure Sacral Pad 2027.83 Pa 
Average Force Sacral Pad 0.64N 
Table 12.46: Information required for theoretical analysis of biomechanics in the sacral pad and 
kneeblock system for participant number 5006. 
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Coronal Plane (Anterior View) 
T= 
Centre of Mass 
Right 
F=17.42N 
Left 
0.28m 
Figure 12.87: Free body diagram - representation of the body of participant 5006, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro-iliac 
joint, and the two ASIS's, with a line joining them. 
In this case (figure 12.87) there is pelvic obliquity, and therefore a distance over which 
the force applied at the knee can act is created. However, unlike participant 5002, the 
child's centre of mass is on the same side as the obliquity and therefore should 
counterbalance the obliquity. In this case the distance arm will be the line from the 
sacro-iliac joint to the hip - estimated at half pelvic width (28cm). The force applied at 
the kneeblock will act in a clockwise direction and tend to increase obliquity. The 
position of the trunk, and therefore centre of mass will act over it's half for the pelvis in 
an anticlockwise direction and tend to decrease obliquity. 
So that: 
Momentpo = (Forcekb)(Distance) + mg(HAT) (distance) 
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To find distance that kneeblock force is acting over; 
d 0.14m 
2! 2' -7 
hýh 
[(d=0.14cos22") 
. 
d=0.28m 
-': o* 
d=0.28sin22' 220 
Figure 12.88: Right angled triangles representing the distance over which the force from the 
kneeblock is acting (0.28sin22'), the seat base, theoretical line of the pelvis and 220 of pelvic 
obliquity, as well as the distance that Mg is acting (0.14cos22'). 
Momentpo = (17.42)(0.28sin22') - (28.7)(0.678)(9.81)(0.14cos22') 
Mo = 28.95 Nm tendency to decrease pelvic obliquity. 
The result of the biomechanical analysis then implies that the centre of mass is more 
than enough to counterbalance the pelvic obliquity. However, the difficulty is that the 
spine does not act in a straight line, and is participant to a great deal of complex forces 
that act over each segment. So the 22' of obliquity shown here is of concern, and the 
alternative may be that the spine is curving around - and forming a scoliosis. In future, 
it would be useful to know whether the position of the spine is in a straight line (as 
depicted in the free body diagram) or curved (as is more likely). 
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Sagittal View (Right Lateral Side) 
Centre of Mass 
F=0.64N 
d=0.17m 
F=16.31N 
Figure 12.89: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5006, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
This information will be analysed in two parts - firstly, the forces acting on the pelvis 
and secondly the forces acting on the hip joint. 
Pelvic Tilt 
Momentpelvis --,: (Forcesp) (distance) + (Forcekb)(distance) ± mg(HAT) (distance) 
In this case, trunk inclination is 15.0 backward from the upper tip of the pelvis, implying 
that the centre of mass will act on the pelvis, and with the trunk inclination added to the 
backwards tilt to the pelvis implying that the centre of mass would be behind the level 
of the pelvis. 
To find the distance over which the centre of mass is operating, using the trigonomic 
functions of a right angled triangle, the distance equals 0.17m multiplied by tangent of 
15 
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15' 
d=O. 17m 
d=O. 17tan 15' 
Figure 12.90: Right angled triangle representing the line of the pelvis, and the distance the centre 
of mass is theoretically working behind the pelvis of 0.17tanl5'* 
Moment = (16.31)(0.17) + (0.64)(0.17) - (28.7)(0.678)(9.81)(0.17tanl5') 
Mo = 2.77 + 0.11 - 8.70 
Mo = 5.82 Nm tendency to push pelvis in an anticlockwise direction. 
Hip FlexionlExtension 
Momenthip =(Force, p) (distance) + (Forcekb)(distance) ± mg(HAT) (distanceFenmr)(0.43) 
Where Momenthip is the tendency to flex hip in a clockwise direction and the tendency to 
extend hip in an anticlockwise direction. The force at the sacral pad and kneeblock will 
be acting on a distance to flex the hip, and the centre of mass of the thigh will be acting 
in the opposite direction with a view to extending the hip joint. 0.43 is the distance the 
centre of mass is acting over the femur. 
So: Mo = (16.31)(0.17) + (0.64)(0.17) - (28.70)(0.1)(9.81)(0.44)(0.43) 
Mo = 2.77 + 0.11 - 5.36 
Mo = 2.48 Nm tendency to extend the hip. 
The results of theoretical analysis in a sagittal plane demonstrate that for participant 
5006, the kneeblock and sacral pad system does not correct pelvic tilt, but rather shows 
a tendency to further tilt the pelvis, and the hips show a tendency to extend rather than 
flex. 
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Horizontal Plane 
In a horizontal plane, participant 5006 shows both femurs adducted, and the pelvis is 
rotated forward on the left side. As with the sagittal plane, the analysis will take place 
in two parts - firstly pelvic rotation and secondly hip rotation. 
F=0-97N 
Right 
Ank 
17' 
Left 
81' 
d=0.28m 
79' 
d=0.44m 
d=0.45m 
F=17.42N 
F=15.19N 
Figure 12.91: Free body diagram of horizontal view - that is view from above of participant 5006, 
showing force at sacral pad, total average force of both kneeblocks at the knee, the distance (femur 
length) over which the forces are acting. There is no centre of mass/gravity as the horizontal plane 
is in a gravity -eliminated position. 
Pelvic Rotation 
To find pelvic rotation: 
Force - Right side - will tend to rotate pelvis clockwise 
Force - Left side - will tend to rotate the pelvis anti-clockwise 
Force - Sacral pad - is only making contact with the right hip, so tend to rotate 
pelvis anticlockwise 
Momenthip --,: (Forceright)(distance) - (Forceleft) (distance) - (Forcesp) (distance) 
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To find Distance: 
Figure 12.92: Right angled triangle representing the line forward tilt of the pelvis, and the 
theoretical distance over which the forces are acting (0.28cosl7'). 
Mo= (17.42)(0.28cosl7') - (0.64)(0.28cosl7") - (15.19)(0.28cosl7o) 
Mo = 4.66 - 0.17 - 4.07 
Mo = 0.42 Nm tendency to rotate the pelvis anti-clockwise. 
In this instance, the pelvic rotation tends to rotate anti-clockwise - in the right direction, 
but the size of the moment is negligible, and it would be appropriate to say that the 
pelvis was in equilibrium, and there was no real tendency to correct pelvic rotation. 
Right Hip 
MomentRH, p = (ForceKB)(Distance) - (Forcesp) (Distance) 
Figure 12.93: Right angled triangle representing the angle of abduction (8') of the right hip, the 
length of the thigh and the distance over which kneeblock force is able to act (0.44sin8o). 
Mo = (17.42)(0.44sin8') + (0.64)(0.28) 
Mo = 1.25 Nm tendency to adduct right hip 
Left Hip 
MornentLHIP --': (ForceKB)(Distance) + (Forcesp) (Distance) 
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d=0.28cosl7o 
d=0.44sin8' 
Figure 12.94: Right angled triangle representing the angle of abduction (7') of the left hip, the 
length of the thigh and the distance over which kneeblock force is able to act (0.45sin7'). 
So, force at the kneeblocks works at distance away from hip: 
Mo = (0.64)(0.28) + (15.19)(0.45sin7') 
Mo = 1.01 Nm tendency to adduct left hip 
Summary of biomechanical analysis for participant 5006 
The parents and carers of child 5006 replaced her kneeblocks after a period of only one 
day, as they were concerned about the position of her femurs. In a coronal plane, the 
biornechanical analysis demonstrates that in theory, the centre of mass should counteract 
the effect of the pelvic obliquity. However, the measurement tool used (SPCM) did not 
have the capacity to show scoliosis, but represents the trunk as a straight line. 
Therefore, what may be happening is an increase in scoliosis (figure 12.95). 
229 
d=0.45sin7' 
FF-=17.42N 
Figure 12.95: Representation of scoliosis for child 5006 - not measured by the SPCM 
Furthermore, the sacral pad and kneeblock system shows a tendency to increase pelvic 
tilt and extension at the hips, and has a negligible effect on pelvic rotation. Both the 
child's legs are held in adduction, and show a very slight tendency to increase that 
adduction. The amount is small, but as the aim of the system is to abduct the legs, it is 
clinically important. It appears that this system is very unsuccessful with participant 
5006, despite the therapists' belief in its effectiveness. 
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Biomechanical Analysis - Participant 5058 
Participant 5058 was aged between 5 years and 6 months and 5 years and 10 months at 
the time of the data collection period. This child had a predominantly spastic type of 
movement disorder, and his local services were very happy with his seating system. 
The information required for biornechanical analysis is shown in Table 12.47. 
Body Information Quantity and Units 
Weight 17.4kg 
Pelvic Height 0.14 in 
Pelvic Width 0.20 in 
Femur Length - Right 0.37 in 
Femur Length - Left 0.37 in 
Pelvic Obliquity 10' higher on left 
Pelvic Tilt 9' backwards 
Pelvic Rotation 13' forward on right 
Trunk Lateral Shift 8' across to right 
Trunk Inclination 14' backwards 
Hip Flexion - Right 80 extension 
Hip Flexion - Left 7' extension 
Hip Abduction - Right 80 abduction 
Hip Abduction - Left 10' adduction 
Total Average Force - Right 39.95 N 
Total Average Force - Left 22.95 N 
Total Average Force - Combined 31.25 N 
Average Pressure Sacral Pad 7168.74 Pa 
Average Force Sacral Pad 2.25 N 
Table 12.47: Information required for theoretical analysis of biomechanics in the sacral pad and 
kneeblock system for participant number 5058. 
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Coronal Plane (Anterior View) 
Figure 12.96: Free body diagram - representation of the body of participant 5058 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro-iliac 
joint, and the two ASIS's, with a line joining them. 
Pelvic obliquity is present, and therefore a distance over which the force applied at the 
knee can act is created (figure 12.98). The child's centre of mass is on the opposite side 
as the obliquity and trunk laterally shifted to the right by 9'. The distance arm over 
which the centre of mass was acting is the line from the sacro-iliac joint to the hip - 
estimated at half pelvic width (20cm). The force applied at the kneeblock will act in an 
anti-clockwise direction and tend to increase obliquity. The position of the trunk, and 
therefore centre of mass will act over it's half for the pelvis in an anti- clockwise 
direction also, and tend to increase obliquity. 
So that: 
Momentpo = (Forcekb)(Distance) + Mg(HAT) (distance) 
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To find distance that kneeblock force is acting over; 
d=0.10m 
loo Fl 
d=0.20 m (d=0.10coslO") d=0.10sinlO' 
00 H 
Figure 12.97: Right angled triangles representing the distance over which the force from the 
kneeblock is acting (0.20sinlO'), the seat base, theoretical line of the pelvis and 7' of pelvic obliquity, 
as well as the distance that Mg is acting (0.10coslOO). 
Mo = (23.95)(0.2sinlO') - (17.4)(0.678)(9.81)(0.10coslO') 
Mo = 12.23 Nm tendency to increase pelvic obliquity. 
The force due to gravity acting at the centre of mass adds to the tendency towards pelvic 
obliquity from the force from the right kneeblock, 
Sagittal View (Right Lateral Side) 
Centre of Mass 
mg 
F=2.25 
d=0.14m 
90 
mg 
F=31.25N 
Figure 12.98: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5058, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
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This information will be analysed in two parts - firstly, the forces acting on the pelvis 
and secondly the forces acting on the hip joint. 
Pelvic Tilt 
Momentpelvis -,, *: (Forcesp) (distance) + (Forcekb)(distance) ± Mg (HAT) (distance) 
In this case, the pelvis is tilted backwards by 9', and the trunk is inclined backwards a 
further 14'. Therefore the centre of mass of the head arms and trunk will fall behind the 
level of the pelvis. To find the distance over which the centre of mass is operating, 
using the trigonomic functions of a right angled triangle, the distance equals 0.14m 
multiplied by tangent of 90. 
90 
d=O. 14m 
d=O. 14tan9' 
Figure 12.99: Right angled triangle representing the line of the pelvis, and the distance the centre 
of mass is theoretically working behind the pelvis of 0.14tan9" 
Mo = (31.25)(0.14) + (2.25)(0.14) - (17.4)(0.678)(9.81)(0.14tan9') 
Mo = 2.13 Nm tendency to push pelvis in a clockwise direction. 
The sacral pad and kneeblock system in this instance tend to correct backwards-pelvic 
tilt. 
Hip FlexionlExtension 
Momenthip --ý (Force, p) (distance) + (Forcekb)(distance) ± Mg(HAT) (distanceFem, )(0.43) 
Where Momenthip is the tendency to flex hip in a clockwise direction and the tendency to 
extend hip in an anticlockwise direction. The force at the sacral Pad and kneeblock will 
be acting on a distance to flex the hip, and the centre of mass of the thigh will be acting 
in the opposite direction with a view to extending the hip joint. 0.43 is the distance the 
centre of mass is acting over the femur. 
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So: M= (31.25)(0.14) + (2.25)(0.14) - (17.4)(0.1)(9.81)(0.37)(0.43) 
M=1.97 Nm tendency to flex the hip. 
For participant 5058 in a sagittal plane there was a tendency to improve pelvic tilt and 
flex hips at the trunk. 
Horizontal Plane 
In the kneeblocks in a horizontal plane, participant 5058 demonstrated pelvic rotation 
forward on the right side and abduction of both hips. 
F=2.25N 
Right IF Left 
13' 
d=0.20m 1000 
d=0.37m 98 
0 d=0.37m 
T 
F=22.95N 
F=39.55N 
Figure 12.100: Free body diagram of horizontal view - that is view from above of participant5O58, 
showing force at sacral pad, total average force of both kneeblocks at the knee, the distance (femur 
length) over which the forces are acting. There is no centre of mass/gravity as the horizontal plane 
is in a gravity-eliminated position. 
Pelvic Rotation 
To find pelvic rotation: 
Force - Right side - will tend to rotate pelvis clockwise 
Force - Left side - will tend to rotate pelvis anti-clockwise 
Force - Sacral pad - is only making contact with the left hip, so tend to rotate 
pelvis clockwise 
Momenthip --': (Forceright)(distance) - (Forcel, ft) (distance) + (Forcesp) (distance) 
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To find Distance: 
d=0.20cosl3' 
Figure 12.101: Right angled triangle representing the line forward tilt of the pelvis, and the 
theoretical distance over which the forces are acting (0.20cosl3'). 
Mo = (39.55)(0.20cosl3') + (2.25)(0.20cosl3o) - (22.95)(0.20cosl3') 
Mo = 3.68 Nm tendency to rotate the pelvis clockwise. 
The moment about the pelvis tends to decrease the pelvic rotation. 
Right Hip 
MomentRH, p = (ForceKB)(Distance) - (Forcesp) (Distance) 
d=0.37sin8' 
Figure 12.102: Right angled triangle representing the angle of abduction (8') of the right hip, the 
length of the thigh and the distance over which kneeblock force is able to act (0.37sin8'). 
Mo = (39.55)(0.37sin8') + (2.25)(0) 
Mo = 8.15 Nm tendency to abduct right hip 
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Left Hip 
MomentLHIP : -- (ForceKB)(Distance) + (Forcesp) (Distance) 
Figure 12.103: Right angled triangle representing the angle of abduction (10') of the left hip, the 
length of the thigh and the distance over which kneeblock force is able to act (0.37sinlO'). 
MomentLHIP --': (ForeeKB)(Distance) - (Forcesp) (Distance) 
Mo = (22.95)(0.37sinlO") - (2.25)(0) 
Mo = 1.47 Nm tendencY to abduct left hip 
In a horizontal plane for participant 5058 the pelvis tends to derotate and both right and 
left femurs tend to abduct. 
Summary of biomechanical analysis for participant 5058 
Participant 5058 showed a tendency to increase pelvic obliquity in a coronal plane. 
However in a sagittal plane, pelvic tilt tended to be in the ideal direction and hips were 
flexed. Finally both hips were abducted and the pelvis tended to correct the pelvic 
rotation. Despite the difficulty shown in the coronal plane, participant 5058 was an 
example of the seating system working well. 
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d=0.37sinlO' 
Summary Tables 
In this chapter, 3 theoretical biornechanical analyses have been presented as a 
representation of the 33 biomechanical analyses that have been performed (presented 
briefly in appendix 10). The first example was that of a child without cerebral palsy, 
and the system was shown to be effective in terms of tendency to not have an effect on 
the body in the coronal plane, encourage forward tilting of the pelvis in the sagittal 
plane, and abduct both legs in the horizontal plane. However, this was not the case for 
children with disability. All children with disability had a degree of pelvic obliquity 
(table 12.48) and therefore required analysis of the forces acting in the coronal plane. 
The analysis in this plane showed that all children showed obliquity, 22 up on right side, 
II up on left side, and that for 16/33 participants their obliquity tended to increase when 
using their kneeblocks. However, caution is required when looking at the children 
whose obliquity tends to decrease in the system, as it is possible that the moment created 
is not a correction moment, but rather a moment tending to bend the spine. The seated 
postural control measure measures trunk lateral shift as a straight line, without 
considering the effect of creating bending moments about the spine, leading to scoliosis 
(Smith and Fernie 199 1). 
Pelvis up on right Pelvis up on left Obliquity tends Obliquity tends 
side side to decrease with to increase with 
kneeblocks kneeblocks 
Number of 22 11 17 16 
participants 
Table 12.48: Summary of participants' response to the kneeblocks in the coronal plane. 
For at least half, but probably many more of the participants, the effect that the 
kneeblocks have over posture in the coronal plane is undesirable. 
In the sagittal plane, the theoretical analysis was quite simplistic. Pressure measured at 
the sacral pad was converted to force and force measured at the kneeblocks was 
presented as an average between two sides. 17/33 participants showed under 
biomechanical analysis that their pelvic posture was likely to become worse (table 
12.49). However, some of the children showed a tendency to reduce backwards-pelvic 
tilt on the biomechanical analysis, but this was not clinically significant. Furthermore 
the non-disabled pilot demonstrated the ability to sit more upright when using the sacral 
pad and kneeblock system. It appears that one of the pre-requisites for using kneeblocks 
may be strong truncal musculature. 
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Backward Tilt Backward Tilt Hip flemon Hip extension 
corrected in seat tend to increase in 
seat 
Participants with 16 17 20 13 
backward pelvic tilt 
n=33 
Table 12.49: Summary table of participant s response to the kneeblock and sacral pad system in a 
sagittal plane 
In the horizontal plane the non-disabled participant showed no pelvic rotation, however 
all 33 children with cerebral palsy demonstrated some degree of pelvic rotation (Table 
12.50). Exactly two thirds of these children showed a tendency to correct pelvic 
rotation using the kneeblock and sacral pad system. This is of concern in two ways; 
firstly that for one third of the children pelvic rotation shows a tendency to increase 
because of the system; secondly in a number of the children whose biornechanical 
analysis showed a tendency to decrease pelvic rotation, they were all still rotated 
forward - sometimes as much as 20'. This implies that the system did not work to 
decrease pelvic rotation in 1/3 of the children, and in the other 2/3 the system is perhaps 
maintaining their current position, but not really improving it. 
Finally, hip abduction and adduction. In all but one case, the purpose for using the 
kneeblock is to abduct hips that tend to be adducted. Ideally both legs should be held in 
slight abduction, and the biomechanical system should show this. However, there were 
2 children who demonstrated both legs adducted, which is quite concerning, and a 
majority (19/33) who showed one leg abducted, but one leg adducted. 
Tendency Tendency to Abducts both Abducts; one Adducts both 
to correct increase legs leg/adducts legs 
rotation rotation oneleg 
Participants 22 11 12 19 2 
with pelvic 
rotation 
n=33 
Table 12.50: Summary table of participant s response to the kneeblock and sacral pad system in a 
horizontal plane 
The position of children's hips is important, and adduction is a characteristic position of 
hips at risk of subluxation. Table 12.51 shows the number of children whose hips were 
held in adduction, and may explain the discrepancies between the statistically significant 
differences between the left and the right side in the force, pressure and postural 
alignment data. It is of some concem that despite the use of the kneeblocks the 
children's hips continued to be held in an adducted position. 
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Number of children Left Hip Adducted Right Hip Adducted Both Hips Adducted 
Whole cohort 8 
n= 33 
Suitable for Statistical 7 3 0 
Analysis 
n= 23 
Table 12.51: Showing the number of hips held in adduction in t he seating system. 
From the biornechanical data, it appears that a high proportion of individuals with 
cerebral palsy and established deformity may not benefit from adaptive seating system 
using kneeblocks and sacral pad developed along biornechanical and 
neurodevelopmental principles. This population of children were at the severe end of 
the motor disorder and displayed postural deformity (chapter 9). It appears that the 
theoretical background for improving posture is incorrect with this population of 
children, although elements of the system may be working for individuals. The value of 
performing a biomechanical analysis for each child with cerebral palsy should be 
explored further. With the lack of good evidence on which to discriminate between 
adaptive seating system, higher quality outcome measurement and analysis must be 
performed with this population. Individual biornechanical analyses would be a good 
basis for providing a seating system, taking into account the children's likelihood to 
develop deformity throughout their whole body, not only the hips. 
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Chapter 13: Discussion 
Objectives 
The overall aim of this project was to investigate a commonly used type of seating 
system, developed along biomechanical and neurodevelopmental principles, and to 
measure the efficacy of the basic system, and to investigate what parents and therapists 
views of the seating system. Specifically the objectives were: 
1. To measure postural change in children with cerebral palsy over a6 month case 
controlled trial 
2. To measure and establish force applied through a kneeblock and pressure exerted 
through the sacral pad and establish a relationship between them 
3. To correlate force applied through a kneeblock, pressure exerted through the 
sacral pad and angular deviation of posture to measure the effectiveness of the 
seating system at preventing postural deformity 
4. To perform hypothetical biornechanical analysis on the seated position of the 
children involved in the project 
5. To compare and contrast the opinions of parents with their child's therapist 
Using novel and developing outcome measurement tools have achieved these objectives. 
The purpose of this discussion is to summarise the results and recommend directions for 
future clinical practice as well as research in the area of postural management and 
children with cerebral palsy and their families. 
Summary of Findings 
The seating theory which was being examined had been developed along biornechanical 
and neurodevelopmental. principles. The theory is that by applying force to the pelvis at 
the level of the sacral pad, the pelvis will be pushed into a neutral position. This 
position is then counterbalanced and maintained by a force from the kneeblocks. 
Furthermore, in a horizontal plane, forces are applied in order to abduct adducted hips at 
risk of hip dislocation and correct pelvic rotation. This should also stabilise the pelvis, 
and the child will learn to sit upright. 
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In order to investigate the sacral pad and kneeblock system, several methods were 
employed. Firstly pressure at the sacral pad was measured using a commercially 
available pressure monitoring system the IPM-12 (Talley Medical, Romsey Hants, UK). 
This system had good published reliability, and was placed over the sacral pad. 
Modifications to the sacral pad included moulding a hard thermoplastic shield and the 
application of a gel pad over the pressure monitor in order to ensure consistency over 
the surface area. Force exerted through a kneeblock was measured by a series of strain 
gauges attached to the front or anterior of a normal kneeblock. Postural alignment was 
measured through angular deviation from a pre-defined neutral position, using a 
modified version of the Seated Postural Control Measure (SPCM, Sunny Hill Children's 
Centre, Vancouver, Canada). Children were seen over a 6-visit period, which involved 
removing the kneeblocks for a 4-week period at visit 3 and replaced at visit 4. Force 
measurement data, pressure measurement data and postural data were analysed using 
repeated measures analysis of variance (ANOVA). 
Pressure exerted at the sacral pad was analysed for average and maximum pressure, 
neither of which showed a statistically significant difference over time or over 
intervention. This may have been due to the insensitivity of the device, or that there was 
no significant change in pressure measured at the sacral pad, which is proportional to 
force exerted at the sacral pad. 
Force measured at the kneeblock was analysed for average force, steady state force and 
maximum force for both the left and the right sides. The hypothesis for all the force 
states is that there would be a significant difference in over the trial period, and 
particularly at visits 3 and 4, before and after the removal of the kneeblocks for a short 
period of time. Statistically significant results were shown in total average force (both 
sides combined and left side only), steady state force (left side only), but not for any 
other combined, steady state or differential force. Interestingly, the force data indicates 
that the force measured through a kneeblock decreases following the reapplication of the 
kneeblocks. If the system were working as expected, then leaving the kneeblocks off, 
children's posture should deteriorate, requiring increased force for correction. However, 
what may be occurring is that children are using the kneeblocks as a support to lean 
against, rather than kneeblocks actively improving their posture. Furthermore, the 
difference between left and right kneeblocks is interesting. It seems an unlikely result 
that there should be a difference, however instrument effect has been accounted for. 
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When looking at all the children in the biornechanical analysis, II children had their left 
hip held in adduction in the system whereas 8 children had their right hip held in 
adduction, and one child had both. When looking at the children who were eligible for 
statistical analysis, this ratio does increase, with 7 children's left hips held in adduction, 
and 3 children's right hips, which may explain the difference between left and right for 
some of the statistical results. It may be that this result is an artefact of the children 
seen on the project. However, the children excluded from the main statistical analysis 
were excluded as their legs were too short to be measured without modification to the 
force measurement tool. The children on whom the statistical analysis was performed 
are bigger, and likely to be older than the others, and are more likely to have established 
deformity. 
In summary, there were few statistically significant results apparent over the 6-visit 
period for the measurement of force through the kneeblock. Those that were significant 
showed the opposite of what had been expected. No statistically significant difference 
was shown for pressure measured at the sacral pad. Force at the kneeblock and pressure 
at the sacral pad were then correlated together to explore a relationship between them. 
It was hypothesised that there would be a relationship at the two, based on 
biomechanical theory of force and counterforce applied to create a moment to correct 
the pelvis and then hold it in a neutral position. The theory was supported by the 
relationship between force measured at the kneeblocks and pressure measured at the 
sacral pad for children without a disability who demonstrated a linear relationship 
between the two - that is when force increased at the kneeblocks, pressure exerted at the 
sacral pad also increased. However, no significant relationships were demonstrated 
between force and pressure with children with cerebral palsy, either in a pilot project or 
the main data collection set. It was important to proceed with the main project 
following the initial pilot project, because it was not the force measurement instrument 
or the seating system that was unreliable, but shown to be a property of children with 
cerebral palsy and established deformity. 
Measuring angular deviation from a predefined neutral position in 3 planes and 22 
categories formed the assessment of posture using a modified version of the seated 
postural control measure. One category was removed due to difficulties with execution 
of the item (head rotation). A repeated measures ANOVA was performed in order to 
examine the difference over a 6-visit period. Statistically significant changes were seen 
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for 3 items on angular measurement and I item on the categorical data. Left hip rotation 
(but not right hip rotation) showed a statistically significant difference on both angular 
deviation, but the significance was at the placebo run out period of visits 5 and 6, when 
left hip rotation increased. This may be a delayed effect of removing the kneeblocks for 
the intervention period, or a spurious result. The use of the kneeblocks should decrease 
hip rotation. Left knee flexion showed a statistically significant difference over the six- 
visit period, and this was significant between visits 5 and 6. The difference was in an 
increase in angular deviation away from the neutral position, increasing with time after 
the kneeblocks have been replaced. The final statistically significant difference was 
with left ankle dorsi/plantar flexion, which again showed a significant difference 
between visits 5 and 6, and showed increases in angular deviation for the group after the 
kneeblocks were replaced. 
It appears that after the kneeblocks were replaced, the left side increased in angular 
deviation from the mean, in terms of rotation, flexion at the knee and dorsiflexion at the 
hip. It may be that this is an artefact or a result of removing the kneeblocks, but may 
just be a reflection of what happens to a group of children with cerebral palsy over time. 
Secondly, there is no statistically significant difference in hip ab/adduction, or hip 
flexion and extension. Overall, over the case controlled period there was no significant 
change in posture due to the removal of the kneeblock between visit 3 and 4. 
At visits 3 and 4, the SPCM was performed twice; once with the kneeblocks off and 
once on. Statistically significant differences were found for 6/21 items - right and left 
hip rotation, right and left hip ad/abduction, left knee flexion and upper trunk rotation. 
For hip rotation on both sides, the angular deviation from neutral was statistically 
increased when the kneeblocks are removed. Similarly for hip ad/abduction away from 
the neutral position, the angular deviation from neutral significantly increased. This is a 
very positive result, as it implies that hip rotation and hip adduction, risk factors for hip 
subluxation and dislocation are statistically significantly reduced in this population. 
Left knee flexion also showed a significant increase away from the neutral 90' angle 
when the kneeblocks are removed. However, this is not the case for the right knee, and 
supports the results of the repeated measures ANOVA, biornechanical and the force data 
that the left side may be more involved than the right side in the population studied. 
The final statistically significant result involves upper trunk rotation. There is a 
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statistically significant difference in upper trunk rotation at visit 4 (post intervention) but 
not at visit 3 (pre-intervention). Furthermore this statistically significant difference is in 
a negative direction - that is, there is less angular deviation with the kneeblocks off of 
the upper trunk than with them on, and this difference is evident at both visits, but 
significant following a period with the kneeblocks off. 
The results of the postural data have several implications. Firstly, there is no significant 
change or improvement in pelvic position. The biornechanical theory that the sacral pad 
and kneeblock arrangement will improve pelvic tilt and pelvic rotation is incorrect. 
However, the system does improve hip ad/abduction and hip rotation. Upper trunk 
rotation deteriorates with the use of kneeblocks. This implies that rather than improving 
pelvic position and improving upright sitting, the system is making trunk position 
worse. 
Function was assessed using the assessment of seated function section of the SPCM. 
No change over the 6-visit period was seen. This may be due to a lack of sensitivity of 
the instrument, or that removing the kneeblocks had no discernible change in function. 
The force, pressure and postural data were further analysed statistically and 
biornechanically. No significant correlations between force measured at the kneeblock 
and pressure measured at the sacral pad were found, apart from one highly statistically 
significant relationship between differential steady state force (difference between left 
and right) and average pressure at visit 6, which remained significant despite a 
Bonferroni adjustment. The majority of results show no statistically significant 
correlations without adjustment, and none of them are significant following Bonferroni 
adjustment. 
The physical picture was completed by biomechanical analysis. This was performed on 
data gathered at visit 3 with the kneeblocks on. Analysis in the coronal plane showed 
that all children had some pelvic obliquity and that for 16/33 this obliquity had a 
tendency to increase when using the kneeblocks. Of further concern was the effect on 
spinal rotation of sitting with an oblique pelvis. However the postural alignment tool 
was not sensitive enough to quantify whether trunk lateral shift involved a shift of the 
trunk or spine as a whole - linearly or curved. In the sagittal plane (from the right hand 
side), backwards-pelvic tilt was likely to increase in the system for 17/33 of the 
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children. Some of the children showed a tendency to reduce pelvic tilt on 
biornechanical analysis, but this was not clinically significant as they were still held in 
backwards tilt. 
In the horizontal plane, all 33 children demonstrated some degree of pelvic rotation. 
Two thirds of the children showed a tendency to improving rotation, despite their pelvis 
still being held in rotation. Of concern are the 11/33 children whose pelvic rotation is 
likely to increase. Separate but related to the pelvis is hip ad/abduction. Although the 
sacral pad and kneeblock theory contends that both hips should be abducted, in 19/33 
showed only one leg abducted. 2 children showed both legs adducted, which is of great 
concern. One third of children abduct both legs, which is a positive result. 
So the picture is emerging that the seating system that used sacral pad and kneeblock, 
developed along biornechanical and neurodevelopmental principles is useful in children 
with cerebral palsy for rotating and abducting children's hips on postural assessment, but 
only on one side for the majority of children. There is no statistically significant 
relationship between force measured at the pelvis and pressure measured at the sacral 
pad. The seating system has no discernible benefit for pelvic, trunk, or head position. 
There are indications that the seating system may have a detrimental effect on truncal 
posture, possibly encouraging secondary spinal deformity, one of the risk factors for 
early morbidity and mortality in children and young adults with cerebral palsy (Blair et 
al 2001, Smith and Fernie 1901). There is no evidence that the upright position 
improves children's ability to sit. 
The qualitative component to the study concentrated on exploring and comparing 
parents and therapists' opinion as to their child's wheelchair and seating system. The 
questionnaires were developed from clinical experience and interview with parents and 
therapists, when a picture began to emerge of differences between parents and 
therapists' priorities. There was agreement between parents and therapists as to 
background information. Other similarities between parents and therapists included 
comfort and postural management offered by the seating system. However important 
differences in opinion were also highlighted such as whether or not a child uses an 
electric wheelchair or not. There were fundamental differences between parents and 
therapists in terms of day-to-day life. Parents concerns centred around the difficulties 
with management of the child, ease of use and lifestyle, whereas therapists did not 
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report these as a priority, but rather concentrated on postural management as the primary 
reason for supplying the seating system. These results related to the International 
Classification of Functioning, Disability and Health (ICF) (WHO, 2000), and will be 
discussed later in this chapter. 
D000 iscussion and implications of the results 
There appears little justification for using the sacral pad and kneeblock arrangement in 
an adaptive seating system from a biomechanical perspective or to improve posture. 
The system does seem to reduce hip ad/abduction and rotation, supporting the theory 
that children who use a system such as this have a reduced incidence of hip 
subluxation/dislocation (Pountney et al 2002). However, there is also a tendency to 
increase pelvic obliquity and rotation, and thus increase the risk of secondary spinal 
deformity. Furthermore parent report that the systems are heavy, cumbersome, and 
difficult to use and interfere with the functioning of the family. If the system is having 
little effect on posture besides abducting the legs there is no real justification for using 
this over another system; hip abduction could be achieved by a variety of other means 
that are perhaps more manageable. 
Increasing pelvic obliquity is a problem as it has the potential to encourage the 
development of spinal deformity. Although a causal relationship between hip 
dislocation, pelvic obliquity and spinal scoliosis has not been found, these conditions do 
coexist (Williamson 2003), and it is important that seating systems to not encourage 
further deformity. Prevention of progression of spinal scoliosis is difficult, with even 
rigid plastic spinal orthoses not shown to be effective with children with severe four 
limb cerebral palsy (Miller et al 1996). It appears that neuromotor scoliosis tends to be 
rotational (Sarwahi et al 2001), and is compounded by forces increasing pelvic 
obliquity. Furthermore, scoliosis has been shown to progress quickly during the rapid 
growth period of adolescence (Drummond et al 1997, Kalen et al 1992, Saito et al 
1998, Williamson 2003). This implies that even if the adaptive seating system has been 
used to reduce the likelihood of hip dislocation, then the system should cease to be used 
around adolescence, and a different method of control over the hips used. 
Miller et al (Miller et al 1996) suggested that the priority for orthotics and seating for 
children with cerebral palsy should be defined on a purely functional criteria. 
Unfortunately the functional assessment used in this research project was not sensitive 
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enough to show any change, if there had been any. It has further been suggested that 
symmetrical seating has less to do with prevention of deformity and more to do with 'the 
desires of nursing and therapy staff, and is not supported by objective evidence (Knapp 
and Cortes 2002, Pritchett 1990). The issue of the aims and purpose for provision of 
adaptive seating is complex and requires further in-depth investigation. 
In particular the natural history of the seated person with spastic cerebral palsy needs to 
be explored - not just in terms of scoliosis or hip dislocation, but objectively in a 
standardised manner to judge whole body contracture, seating angles and their influence 
on function, comfort and short and long term function. In a study to measure anatomical 
hip flexion angles (hip flexion on the child themselves) at specific and known 
mechanical hip flexion angles (seat to back angle) for 6 non-disabled and 12 children 
with cerebral palsy were placed in different position. Although this was a small cohort, 
it was found that the hip flexion angle and the angle between the backrest and seat 
surface were not equal, and the difference between hip flexion and seat to back angle 
was greater for the children with cerebral palsy (Nwaobi et al 1988). Looking at the 
position of the pelvis in standing and comparing it to the seated position, it appears that 
it is normal to have some backwards tilt to the pelvis even in the adult population (Letts 
1991, Mandal 1981, Mandal 1984, Reid and Rigby 1996a). Is it reasonable to expect 
children with cerebral palsy to achieve and maintain a seated pelvic position by use of 
equipment alone, for a pelvic posture that would be difficult for a normal adult to 
maintain? The answer is probably not, and given that position, the pelvis should 
probably be fully supported in a position of comfort, preventing further development of 
deformity, but not increasing spinal deformity by attempting to attain and maintain a 
position that is not a normal position for any child to sit in for long periods of time. 
The seating system that use a sacral pad and kneeblock is based on biornechanical 
principles to control the pelvis and neurodevelopmental principles to encourage the 
child to sit upright, as 'normal' children learn to sit from an upright or forward leaning 
position (Mulcahy et al 1988, Pountney et al 1990, Pountney and Goldwyn 
2003, Pountney et al 2002). The system is based on the premise that if children have 
the opportunity for normal development, by use of therapy and equipment, children will 
learn normal movement patterns. There is no evidence that this is the case for children 
with severe forms of cerebral palsy (Butler and Darrah 2001). There is however, some 
evidence that children with cerebral palsy do become different from their peer in their 
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body functions and structures, even if this is not the case at birth (Stallings et al 1995). 
In addition, it has been suggested that if children do not learn to sit independently by the 
age of 2 years they are unlikely to develop this skill competently (Campos da Paz et al 
1994). Furthermore, anthropornetry for children with severe quadriplegic distribution of 
cerebral palsy has been shown to be different from their peers in terms of body 
composition and poor nutritional status (Pearsall et al 1996, Spender et al 1989, Stallings 
et al 1995, Stevenson et al 1995). Even if children have a cognitive developmental age 
of 2 years, there is no evidence that children with cerebral palsy have a'motor age' of a 
typically developing 2 year old, or even 6 month old. Children with cerebral palsy are 
different in terms of motor pattern, and this cannot be explained away by them being 
delayed. 
It is plausible then that the theory of improving pelvic position by application of forces 
to the pelvis via the sacral pad and kneeblock does work with children with mild 
cerebral palsy. The pilot for this research project demonstrated that the theory is 
plausible for children with no motor impairment. Many children with severe cerebral 
palsy are hypotonic in the trunk, which leads to thoracic kyphosis and cervical lordosis 
(Bobath and Bobath 1975), (Larnert and Ekberg 1995). There is some evidence that, 
although prevalence of cerebral palsy has remained stable, its type and distribution have 
been changing, with more children surviving at increasingly premature gestation and 
lower birthweight, and the severity of the motor disorder increasing (Blair et al 
2001,13ottos et al 1999, Campos da Paz et al 1994, Kavcic and Perat 1998, Mutch et al 
1992, Nelson and Ellenberg 1978, Pharoah et al 1996, Pharoah et al 1998, Reddihough 
and Collins 2003, Topp et al 1997). Therefore what may have been a useful treatment 
for children with cerebral palsy previously has not remained useful due to the changing 
population. Unfortunately however, it does not appear that therapy input has changed 
with the changing population. 
Although 'natural history' of scoliosis and hip dislocation have recently been studied in a 
systematic way (Saito et al 1998, Scrutton et al 2001), natural history of the overall 
effects of cerebral palsy on the individual in terms of functioning, deformity and 
outcome have not been studied to date. This is partly because the assessments and 
outcome measurement tools have not been available. Over the last ten plus years a 
concentrated effort has been made to develop standardised methods for assessing and 
making meaningful judgements. Specifically with children with cerebral palsy in terms 
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of gross motor function (Russell et al 1993), Activities of Daily Living (Haley et al 
1998) and classification for function (Palisano et al 1997). Furthermore, these 
assessments have been developed and tested in the field (Beckung and Hagberg 
2000, Nordmark et al 2000, Palisano et al 1997, Wood and Rosenbaum ). Developmental 
curves relating specifically to children with cerebral palsy have recently been presented 
and can provide a meaningful basis to predict general outcomes for children with 
cerebral palsy throughout their lifespan, by classifying them into 5 functional categories 
based on their degree of impairment (Rosenbaum et al 2002). This classification system 
has been correlated with the International Classification of Impairment, Disability and 
Handicap (ICIDH) (World Health Organisation (WHO) 1980), the previous version of 
the International Classification for Function, Disability and health (World Health 
Organisation (WHO) 2001) to ensure that it is meaningful (Beckung and Hagberg 
2000). 
Mobility, means and access to are important, and adaptive seating systems form a basis 
for mobility in children with severe motor impairment. Assessment specifically to 
measure outcome for seating and positioning remains unsatisfactory, despite recent 
development in objective outcome measurement and the development of draft 
international standards (Fife et al 1991, Fife 1992, Fife et al 1993, ISO/cD 16840-1 
2003, Reid 1995, Reid and Rigby 1996b, Rigby et al 2001). Some seating assessments 
seek to classify children into seated ability (Pountney et al 1999), others try to assess 
quality of seated posture (Reid and Sochaniwskyj 1991), and others postural alignment 
and function (Roxborough et al 1994). The draft international standards have the 
potential to describe seating and positioning in a common and standard language - in a 
similar manner to the ICF. But that is only a description and not an outcome measure 
for seating. Seating for children with complex disability is very complicated. The 
seating system 'must' have the following components; the ability to assist in prevention 
of deformity; safety; durability; ease of installation (moving seating device from Place 
to place); appearance; the correct dimensions; simplicity of use (ease of use); 
maintenance; effectiveness; multipurposefulness (environmental access is a problem); 
transportation; comfort; and enhancement of function (Weiss et al 1999). It is difficult 
to measure all of these functions of a seating system - and difficult to achieve them all in 
the one piece of equipment. The Seated Postural Control Measure (SPCM) 
(Roxborough et al 1994) seeks to address postural alignment and seated function. It is 
not entirely satisfactory at present, but with further development have the potential to be 
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a useful clinical tool for children with cerebral palsy to describe, measure and audit 
children's seating systems and posture. It would be useful to harmonise some of the 
postural alignment items with those of the International Standards for Definitions of 
Body and Seat Measures (International Organization for Standardization 2003). 
Some authors have focussed on the purpose of providing adaptive seating systems as a 
basis for function either in addition to or despite postural misalignment (Behrman 
1990, Healy et al 1997, Lamert and Ekberg 1995, McClenaghan et al 1992, Myhr and von- 
Wendt 1991, Washington et al 2002). However, there is an increasing acceptance of the 
concept of '24 hour positioning, where the main purpose of therapy and positioning is to 
prevent postural deformity by controlling children's posture for 24 hours per day 
(Alderslea 1999, Bell 1987,13ell and Watson 1985,13ower 1990, Pountney and Goldwyn 
2003, Pountney et al 2002). Bell and Watson (1985) state that 'children predisposed to 
developmental deformity require corrected lying, sitting and standing positions. It has 
been proposed that children who display signs of positional deformity should have their 
posture managed for 24 hours, and that this management should begin as early as 
possible - as young as 2 or 3 months of age (Bell 1987,13ell and Watson 1985). It has 
been claimed that appropriately prescribed postural management programmes can affect 
both body functions and structures and improve 'dramatically' the levels of activity and 
communication (Pountney and Goldwyn 2003, Turvey et al 1982). The burden of this 
24 hour management lies with the child's primary carer - the family (Bell and Watson 
1985). Furthermore, there is very limited evidence that 24 hour positioning is 
successful. One retrospective, non controlled study of 59 children with cerebral palsy 
showed a significant difference in hip dislocation when using 24 hour positioning 
(Pountney et al 2002). One of the components of this regime was an adaptive seating 
system using sacral pad and kneeblocks. It may be that this system may prevent hip 
deformity, but the results of the research described here show an increase in the 
individual's tendency to develop a reactionary secondary deformity. Additionally, 
information from orthopaedic literature suggests that using spinal bracing for 
neuromuscular scoliosis for 23/24 hours a day has not been proven to be successful in 
preventing spinal curvature - but may improve function (Comstock et al 
1998, Drummond et al 1997, Kalen et al 1992, Letts et al 1992, Madigan and Wallace 
1981, Terjesen et al 2000, Thomson and Banta 2003). Comfort and health, both long and 
short term must be considered. Not only does hip dislocation impede perineal care and 
seating stability for some individuals, it has been suggested that it causes pain in up to 
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half of those whose hips are dislocated (Hodgkinson et al 2003). However, scoliosis is 
associated with decrease in pulmonary function (Saito et al 1998, Williamson 2003), 
which has been shown to be associated with 59% of causes of death in the cerebral palsy 
population (Blair et al 2001). 
Although using 24 hour positioning has been suggested to reduce hip migration, it is 
not universally successful in preventing hip dislocation in all children (Goldsmith et al 
1992, Pountney et al 2002). What has not been explored is the effect on the family and 
child and their relationships when 24 hour positioning 'fails', either through development 
of hip displacement, development of scoliosis or development of other deformities and 
difficulties. In this case, the parent may feel (or be made to feel) that they have failed in 
their duty to carry out a home program. It must be carefully planned and justified before 
24 hour positioning equipment is forced upon families who are already experiencing an 
increase in burden of care, decrease in socio-economic status and an increase in 
matemal stress and depression (Curran et al 2001, Mitchell and Sloper 2002, Sloper and 
Turner 1993, Wake et al 2003). It is important to try and prevent deformity, but any 
seating and equipment intervention must be carefully considered in the context of the 
child and their family, regularly monitored, and changed if indicated. 
Finally, the working relationship between parents and therapists must be regularly 
reviewed. The results of this project have shown differences in priority between parents 
and therapists. It is important to recognise the role of the family for children with severe 
and complex cerebral palsy, have increased care needs and those needs do not reduce 
through the lifespan (Curran et al 2001). People with permanent disabilities are often 
confronted by a variety of physical barriers. Parents of children with cerebral palsy 
have a huge impact on how that child grows and develops and makes the best use of 
their potential (Hinjosa et al 2002). It is important that their needs are met. Parents of 
children with cerebral palsy report poorer health of not only their children, but of 
themselves in all areas of functioning (Wake et al 2003). Not only do families have to 
cope with quite devastating illness such as epilepsy and respiratory disease in addition to 
the primary diagnosis, but they then have to cope with an increased burden placed on 
them by therapists acting on poor evidence. 
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International Classification of Functioning, Disability and Health 
JCF) and Adaptive Seating Systems that Use a Sacral Pad and 
Kneeblock 
This thesis has addressed the activity of therapists in providing an adaptive seating 
system that uses a sacral pad and kneeblock system to improve posture and functioning 
with children with cerebral palsy. The project has not looked at the underlying health 
condition, but the results show that this seating system may have an effect on the 
underlying health condition, by the influence of the intervention on body functions and 
structure. The aim of the seating system to improve posture has not been shown, but a 
possible negative effect on the body functions and structures has been shown in the 
tendency of the kneeblocks in particular to increase pelvic obliquity and possible 
scoliosis. As discussed in the literature review, an increase in scoliosis will have a 
health effect on children with cerebral palsy. 
The activity of providing the seating system that uses a sacral pad and kneeblock to 
improve pelvic position and encourage the development of function has not been 
proven. It is likely to have no effect or a negative effect on the children's body functions 
and structures. This is important when looking at the participatory and contextual 
factors associated with the seating system. Participation in the planning and prescription 
process was not addressed in this research project. However questionnaire information 
elicited important information about the management of the child and their seating 
system. Both environmental and personal factors were addressed through the 
questionnaires, and it appeared that the results were rather negative. Therapists and 
parents both stated that they continued to use their seating systems to improve children's 
posture - or their body function and structure, which remained unproven at best. 
However, the results suggest that the seating systems are difficult to use, unattractive 
and make the physical management of the child more difficult. In particular, 
environmental access was a difficulty. In summary, the activity of providing a seating 
system for children with cerebral palsy does not improve their body functions and 
structures, but increases the difficulties with management and therefore burden of care 
for children with cerebral palsy and their families. 
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Limitations of the Study 
Due to the nature of this study only one researcher was involved in planning, data 
collection and analysis, which increases the likelihood of bias by the experimenter in the 
study. This can be expressed as the tendency for results to conform to experimenters' 
expectations unless stringent safeguards are instituted to minimize human bias, known 
as the Rosenthal effect (Rosenthal & Ronow, 1997). 
The questionnaires were developed using clinical questions, and attempts were made to 
corroborate the information by interviewing a convenience sample of parents and 
therapists. However, this introduces bias. Pen and paper was used rather than tapes 
and transcripts for convenience and comfort (appendix 6), however, this method may 
not be as reliable, and is open to the interviewer's own bias and interpretation. In 
addition a single researcher then performed the thematic analysis. This may also cause 
experimenter bias. Ideally, several separate researchers should collect and analyse the 
data, which should be tape recorded and transcribed. This concept is known as 
triangulation and based on the assumption that bias would be nullified by the effect of 
using multiple data sources, investigators and methods (Cresswell, 1994). 
Further limitations come from the participants themselves, especially the lack of a 
separate control group, and the generalisability of the results due to the wide variation of 
children. However, it was not possible to randomise two groups because of both ethical 
and practical issues. Because of these, the decision was taken to make children their 
own controls. Furthermore, due to the variability of the group, the repeated measures 
ANOVA was chosen for analysis of force, pressure and postural alignment information. 
This technique makes use of the 'F ratio', which is a measure of systematic variation to 
unsystematic, or the ratio of experimental effect to individual differences in 
performance, so the variability of the children and small numbers should be corrected 
for using this technique. 
The question of how representative the children are as a group of kneeblock users 
remains a problem. The small numbers, despite sophisticated statistical analysis are of 
concern. The mixed methodology technique does add to the picture, but a larger 
number of participants are required for future studies. A further limitation to this is the 
difficulty with recruiting participants via their therapists. 
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Additionally, there were limitations to the measurement tools used. Firstly, the 
kneeblock force measurement device was found to have good repeatability and 
recovery, but is an experimental device, which requires further development if used in 
the future. Although attempts were made to control for cross axis forces this remains a 
potential source of error. The use of the IPM-12 to measure pressure at the sacral pad 
was chosen for convenience and reliability in the tool, but difficulty comes in when 
comparing pressure with force, and using a device in a way in which it wasn't intended. 
it may have been more useful specifically to measure force at the sacral pad, but this 
would have involved the use of two experimental devices. 
Finally, there were limitations to the Seated Postural Control Measure (Roxborough et 
al. 1994). The tool uses goniometry to measure the angles away from a neutral position. 
The tool was used in a modified manner, as the assessment consists of wide categories, 
that cannot be analysed biomechanically or using parametric statistics. However, 
goniometry is known to have some inherent measurement error (Hayes et al, 2001, 
Allington et al. 2002, Ellis & Bruton, 2002). Whilst attempts were made to ensure intra 
rater reliability, the variability still remained at +3', ensuring that there is likely to be 
some measurement error within the postural alignment data. 
Directions for future research 
The results of this research project highlight a number of areas requiring further research 
- both quantitative and qualitative. The first area to explore is the natural history of 
seated posture and function for children with cerebral palsy. At what age do children 
develop certain skills, and what influence does a child's mobility, seating and 
appearance have on these children. What is the influence of leaming difficulty on the 
development of independent mobility versus physical impairment? It would be 
interesting to explore whether there is a variation in sitting and functional ability in 
relation to age and weight of children with cerebral palsy, and to judge how this changes 
with age. It would be interesting to marry these questions with the predictive levels 
according to the gross motor classification system (Rosenbaum et al 2002). 
In addition, whilst natural history of hip dislocation has been studied (Scrutton et al. 
2001), it would be useful to further explore the seated properties of the child with severe 
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cerebral palsy, in relation to difference between left and right sides, incidence of 
scoliosis, and side of the curve, and correlate that with functional measures. 
Assessment and outcome measurement is an important area of research. The Seated 
Postural Control Measure (SPCM) (Fife et al 1991, Fife 1992, Roxborough et al 1994) 
has been shown to be useful and accurate, but requires further development for use as a 
clinical tool. Validation as an assessment for a British population would be useful. A 
comparison between the SPCM and the Wheelchair seating definitions of body and seat 
measurement (International Organization for Standardization 2003) would provide 
validation information for both standards and provide a basis for future development 
work. That future development may involve the use of technology to instrument a 
seating system to fully evaluate the biornechanics of the seated individual, and compare 
and contrast this with control groups. Any research requires a control group. This 
project has shown that interventions developed along 'normal' principles do not translate 
to the complexities of the children with cerebral palsy. However, it is important to look 
at typically developing peers to see how, where and perhaps why the child with cerebral 
palsy is different. New and emerging computer technology has a number of uses, and 
one of these might be to develop software where the child's dimensions are able to be 
put into a package and a seating system modelled and analysed (St-Georges et al 1989). 
Further assessment may also involve the comparison of children's biornechanical 
response to different seating systems, with a standardised assessment. This project did 
not measure lateral forces provided by the kneeblocks, due to limitations with the 
equipment. Given the indication that the kneeblocks work by lateral forces, 
development of a force measurement device that can measure both anterior and lateral 
forces would be useful. 
Function and occupational performance are important to investigate in this population. 
Children with cerebral palsy are difficult to research for a number of reasons. Firstly, 
they are not a homogenous group - children with similar motor patterns will have a wide 
variety of associated difficulties and a wide range of developmental abilities (Hankinson 
and Morton 2002). However, it is important to define seated function in a meaningful 
way, and this has yet to be fully established. Although classification of gross motor 
function has been accepted and researched (Palisano et al 1997, Russell et al 1993), and 
the SPCM attempted to measure seated function specifically (Roxborough et al 1994), 
these outcome measurements tend to be classification systems and not sensitive enough 
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to measure change in seated performance. Trefler (1997) suggests the use of functional 
items that are meaningful for the child - such as accessing a switch (Trefler and Angelo 
1997). Occupations that are associated with the seated position require further 
exploration. It has been purported that positioning improves swallowing for children 
with dysphagia problems (Larnert and Ekberg 1995), but this was a small non controlled 
trial, which warrants repetition, using some of the assessment procedures mentioned 
previously to define the parameters objectively. 
Service delivery is another area where research is essential. This project has shown 
some fundamental differences between parents and their primary therapists. It would be 
interesting to repeat this study with wheelchair services, and use the questionnaire, 
together with other assessments as a baseline to an intervention study, where therapists 
and parents are facilitated to work in partnership. The poor service that people with 
disabilities receive from their local services has been highlighted in a recent report 
(Audit Commission 2002), and this is an area that would really benefit from some input. 
Using the above assessments and parameters, an inclusive and objective study of 24 
hour positioning is warranted in order to make a judgement about who may benefit 
from this philosophy, who may not, what effect there is on total posture (not only hip 
dislocation) and in particular, what effect the practice has on family and child 
individually as well as family and child relationships. 
Finally, there it is important to assess the views of the child of their seating system and 
therapy. In this project, the population was too wide, with the majority of children 
without communication to examine the opinions of the children thoroughly enough to 
gain a meaningful answer. However, this should be done as a stand-alone project. 
Summary 
This research project has investigated a commonly used adaptive seating system for 
children with cerebral palsy, developed using biornechanical and neurodevelopmental 
principles. The aim of the seating system is to use a sacral pad and kneeblock to create 
a moment to push the pelvis into a neutral position, and maintain this position as a basis 
for functional movement. The efficacy of the system was measured by measuring 
pressure in a commercially available pressure measurement device (IPM- 12, Talley 
Medical, Hants), combined with force measured through an instrumented kneeblock and 
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angular deviation of postural alignment. Acceptability was measured by questionnaires 
to parents and therapists. Functional measurement was unsatisfactory. 
It appears there is little justification for using a seating system with a kneeblock and 
sacral pad system over any others, except if the aim is to abduct and de-rotate the hips. 
However, it must be kept in mind that the kneeblocks may add to pelvic obliquity, 
which is undesirable as it may lead to secondary spinal deformity. Furthermore, the 
adaptive seating system is reported to be difficult to use, heavy and makes physical 
management of the child with cerebral palsy more difficult for their families. The results 
stress the need to rigorously research and justify interventions for children with cerebral 
palsy. 
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Centre Number- 
Study Number- 
MREC99/2/125 
Patient Identification Number for this trial- 
Title of Project: 
'The effects of an adaptive seating system on children with cerebral 
palsy on postural alignment, comfort and function. ' 
Name of Researcher: 
Rachael McDonald 
Occupational Therapist 
Child's Name: Please initial box 
I confirm that I have read and understand the information sheet dated 2.12.1999 
(version 4) for the above study and have had the opportunity to ask questions. 
2.1 understand that my participation is voluntary and that I am free to Withdraw at any 
time, Without giving any reason, without my medical care or legal rights 
being affected. 
3.1 understand that sections of any of my child's medical notes may be looked at by 
Responsible individuals from The Institute of Child Health or from regulatory 
authorities where it is relevant to my taking part in research. I give permission 
for these individuals to have access to my records. 
4.1 agree for my child to take part in the above study. 
CONSENT FORM 
Name of Child 
Name of Parent Date 
Researcher Date 
I for patient, I for researcher; I to be kept with hospital notes 
Signature 
Signature 
Version 4,2/12/1999 
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Appendix 3: Parent Questionnaires 
Parent Questionnaire 
I am investigating use of Special Seating systems and am particularly interested in 
parents' and therapists' opinions. These questions have been developed from a 
variety of questions asked by parents in a clinical setting over a number of years. We 
are asking you to fill it in as a part of our protocol to discover what your opinions are as 
to the primary seating system for the child you're working with. 
This questionnaire is designed to explore some of your thoughts and ideas. In addition 
it will help us understand some of the practical issues about the seating system that 
your child uses. 
There are no right or wrong answers. 
All responses are anonymous, and the information used will not be attributed to any 
individual. 
We are very grateful for your assistance. 
General 
Why was the seating system originally provided? 
(Please tick the most important one) 
Postural management 
Mobility 
Easy to Use 
Transport 
Other (Please explain) 
In your child's main chair they (please tick one): 
Use a powered base that they drive themselves 
Use a manual base that they push themselves 
Use a manual base that is pushed by someone else 0 
Not at Completely 
All 
1. Does your child's seating system achieve 
what you had wanted it to? 0 El 0 1-1 F] 
Ease of Use 
Disagree 
2. Your child's seat is easy to put in and out 
of a vehicle (car/bus/taxi/other). 
(Please circle which form of transport you are 
referring to). 
3. Does your child push themselves? 
Strongly Strongly 
Agree Agree 
El F-I F-I F-I El 
Yes 
1-1 
No 
1-1 
Strongly 
Strongly 
Agree Agree 
Disagree 
4. The chair is difficult for your child to push El 
themselves 1: 1 11 F 
Yes No 
5. Does your child drive the chair themselves Fý F1 
Strongly Strongly 
Agree Agree Disagree 
6. The chair is easy for your child to 
drive 
1: 1 11 1-1 0 El 
Yes No 
7. Does someone else push the chair 
1-1 171 
Strongly Strongly 
Agree Agree Disagree 
8. The chair is difficult for the attendant 1: 1 F1 F] El 
to push 
9. Does your child use kneeblocks? 
Yes 
F1 
No 
1-1 
Strongly 
Agree Agree 
Strongly 
Disagree 
10. If your child uses kneeblocks, the kneeblocks are 
t t F1 11 1: 1 1-1 El easy o pu on 
Yes No 
11. Is the chair adjustable? 
1-1 1-1 
Strongly 
Agree Agree 
Strongly 
Disagree 
12. The seating system is difficult to adjust F] F1 1-1 El El to different positions 
Appearance 
Strongly 
Agree Agree 
Strongly 
Disagree 
13. The seating system itself is unattractive r-I 1-1 1-1 F1 1-1 
Strongly 
Agree Agree 
Strongly 
Disagree 
14. Your child looks good in their chair El El 1-1 1-1 El 
Comfort 
Strongly Strongly 
Agree Agree Disagree 
15. Your child is usually comfortable in their chair 
00 11 1: 1 El 
16. Your child is uncomfortable most of the time 
Function 
17. Does your child use other pieces of equipment 
(eg Standing frame, home chair) 
Strongly 
18. Your child is able to hold their head up better 
in their seating system than in other equipment 
(e. g. other chairs, standing frame). 
Strongly 
19. Your child's hand function is better in 
other equipment (e. g. other chairs, 
standing frame), than in their seating system. 
20. Does your child use a switch? 
Strongly 
21. Your child's switch use is better in their 
seating system than in other equipment 
(e. g. other chairs, standing frame) 
22. Does your child use a joystick? 
23. Your child can use their joystick better when 
using their seating system than when they 
are not. 
Background 
Strongly 
Agree Agree 
171 F] F-I 
Yes No 
1ý 1-1 
Strongly 
Agree Agree 
El 171 1-1 F-I 
Strongly 
Agree Agree 
1: 1 F] 171 1-1 
Yes No 
Strongly 
Disagree 
F1 
Disagree 
F-I 
Disagree 
F] 
Strongly 
Agree Agree 
F-I D 1-1 
Yes No 
F] 1-1 
Strongly 
Agree Agree 
1-1 F-I 1-1 
1: 1 
El 
Disagree 
Fl- 
Strongly 
Disagree 
171 
A. Please name up to 3 things you are satisfied with about your child's seating system 
1. 
2. 
3. 
B. Please name up to 3 things you are dissatisfied with about your child's seating system 
1 
2. 
3. 
C. How many hours per day (on average) does your child spend in their chair? 
Less than 1? 
1-3 
3-6 
6-10 
More than 10 
D. Tick which other pieces of equipment that the child uses 
Standing Frame 
Night Positioner 
Home Chair 
School Chair El 
Hip and Spine Orthosis (HASO) 
Other (Please specify) 
E. How long has the child been using their current seating system? 
Less than 6 months? 
6- 12 months? 
12 - 18 months? F1 
18 months to 2 years? F-I 
More than 2 years? F1 
F. Are there times when do you think the child is 
particularly comfortable in their chair? Yes El No 0 
If yes please write down when: 
1. 
2. 
3. 
G. Do you think there are times when the child 
is not comfortable in their chair? Yes 0 No 
If yes please write down when: 
1. 
2. 
3 
Do you have any other comments that you would like to make? 
Thank you for completing this questionnaire 
Appendix 4: Therapist Questionnaires 
itErqj st i re 
I am investigating use of Special Seating systems and am particularly interested in 
parents' and therapists' opinions. These questions have been developed from a 
variety of questions asked by parents in a clinical setting over a number of years. We 
are asking you to fill it in as a part of our protocol to discover what your opinions are as 
to the primary seating system for the child you're working with. 
This questionnaire is designed to explore some of your thoughts and ideas. In addition 
it will help us understand some of the practical issues about the seating system that 
your child uses. 
There are no right or wrong answers. 
All responses are anonymous, and the information used will not be attributed to any 
individual. 
We are very grateful for your assistance. 
General 
Why was the seating system originally provided? 
(Please tick the most important one) 
Postural management 11 
Mobility F-I 
Easy to Use F1 
Transport El 
Other (Please explain) 0 
In the child's main chair they (please tick one): 
Use a powered base that they drive themselves 
Use a manual base that they push themselves 
Use a manual base that is pushed by someone else 
Not at Completely 
All 
1. Does the child's seating system achieve 
what you had wanted it to? El 1: 1 1: 1 1: 1 171 
Ease of Use 
Strongly 
Agree Agree 
2. The child's seat is easy to put in and out 
of a vehicle (car/bus/taxi/other). 
0 11 1: 1 
(Please circle which form of transport you are 
referring to). 
Yes No 
3. Does the child push themselves? 
1: 1 1: 1 
Strongly 
Disagree 
n 171 
Strongly Strongly 
Agree Agree Disagree 
The chair is difficult for the child to push 
themselves El 1: 1 Fý 11 0 
Yes No 
5. Does the child drive the chair themselves 1-1 F1 
Strongly Strongly 
Agree Agree Disagree 
6. The chair is easy for the child to 
drive 1: 1 F1 El F1 El 
Yes No 
7. Does someone else push the chair F] F] 
Strongly Strongly 
Agree Agree Disagree 
The chair is difficult for the attendant Fý 1: 1 F] F] 0 
to push 
Yes No 
9. Does the child use kneeblocks? 1-1 1-1 
Strongly Strongly 
Agree Agree Disagree 
10. If the child uses kneeblocks, the kneeblocks are 
easy to put on F] El El El El 
11. Is the chair adjustable? 
Yes No 
F] r-I 
Strongly 
Agree Agree 
1-1 1-1 F] 
Strongly 
Disagree 
1-1 12. The seating system is difficult to adjust to different positions 
Appearance 
13. The seating system itself is unattractive 
14. The child looks good in their chair 
Comfort 
15. The child is usually comfortable in their chair 
Strongly Strongly 
Agree Agree Disagree 
El El F1 F-I F-I 
Strongly Strongly 
Agree Agree Disagree 
El El 1: 1 171 El 
Strongly 
Agree 
F1 F1 
Strongly 
Agree Disagree 
F-I 1-1 F] 
Strongly Strongly 
Agree Agree Disagree 
16. The child is uncomfortable most of the time F] F1 F1 Fý 0 
Function 
Yes No 
17. Does the child use other pieces of equipment FI 
(eg Standing frame, home chair) 
Strongly Strongly 
Agree Agree Disagree 
18. The child is able to hold their head up better 
in their seating system than in other equipment 1: 1 F] El El 
(e. g. other chairs, standing frame). 
Strongly Strongly 
Agree Agree Disagree 
19. The child's hand function is better in 
other equipment (e. g. other chairs, 11 0 El Fý 
standing frame), than in their seating system. 
Yes No 
20. Does the child use a switch? 1-1 F-I 
Strongly Strongly 
Agree Agree Disagree 
21. The child's switch use is better in their 
seating system than in other equipment F-I 1-1 El F] El 
(e. g. other chairs, standing frame) 
Yes No 
22. Does the child use a joystick? 
1: 1 1: 1 
Strongly Strongly 
Agree Agree Disagree 
23. The child can use their joystick better when 
using their seating system than when they 
El 0 1-1 1: 1 El 
are not. 
Background 
A. Please name up to 3 things you are satisfied with about the child's seating system 
1. 
2. 
3. 
B. Please name up to 3 things you are dissatisfied with about the child's seating system 
1. 
2. 
3, 
C. How many hours per day (on average) does the child spend in their chair? 
Less than 1? 
1-3 
3-6 
6-10 
More than 10 
D. Tick which other pieces of equipment that the child uses 
Standing Frame 11 
Night Positioner 0 
Home Chair 
School Chair 
Hip and Spine Orthosis (HASO) El 
Other (Please specify) El 
E. How long has the child been using their current seating system? 
Less than 6 months? 
6- 12 months? 
12 - 18 months? 
18 months to 2 years? 
More than 2 years? 
F. Are there times when do you think the child is 
particularly comfortable in their chair? Yes El No 
If yes please write down when: 
1. 
2 
0 
3. 
G. Do you think there are times when the child 
is not comfortable in their chair? Yes 11 No 
If yes please write down when: 
1. 
2. 
3 
Do you have any other comments that you would like to make? 
Thank you for completing this questionnaire 
Appendix 5: Interview Schedule 
Pilot Interview for Parent Questionnaire 
1. How long did the questionnaire take to complete? 
2. How easy was the questionnaire to fill in? 
a. In general 
b. In terms of scales? 
c. In terms of appearance? 
d. In terms of language? 
3. How easy was it to say what you meant? 
Now I'm going to go through each section and ask you some questions about each 
section. 
1. General 
a. What was unclear about this section? 
b. Why was the seating system provided? 
2. Ease of Use 
a. How easy is the chair to push around? 
b. What was unclear about this section? 
c. How easy is the chair to adjust? 
3. Appearance 
a. How clear was this section? 
b. Do you like the way the chair looks? 
4. Comfort 
a. Do you think this was the right way to ask this question? 
b. Do you think your child is comfortable in the chair 
5. Function 
a. Is this section unclear? 
b. What can your child do in their push/Wheelchair that they cannot in other equipment? 
c. What can your child do in other equipment that they are unable to do in their 
pushchair/wheelchair? 
6. Background 
a. Was the background section easy to answer? 
b. Were the questions clear? 
c. What is it that you like about the push/wheelchair 
d. What is it that you don't like about the push/wheelchair 
e. How many hours would the child stay in the push/wheelchair 
f. How long have you had the push/wheelchair? 
Other comments 
Are there other questions that I should have asked? 
Is there anything I shouldn't ask? 
Pilot Interview for Therapist Questionnaire 
How long did the questionnaire take to complete? 
How easy was the questionnaire to fill in? 
a. In general 
b. In terms of scales? 
c. In terms of appearance? 
d. In terms of language? 
1. How easy was it to say what you meant? 
Now I'm going to go through each section and ask you some questions about each 
section. 
1. General 
a. Was there anything unclear about this section? 
b. What was the reason that the system was provided for? 
2. Ease of Use 
a. How easy is the chair to push around? 
b. What was unclear about this section? 
c. How easy is the chair to adjust 
3. Appearance 
a. How clear was this section? 
b. Do you like the way the chair looks? 
4. Comfort 
a. Do you think this was the right way to ask this question? 
b. Do you think your child is comfortable in the chair 
5. Function 
a. Is this section unclear? 
b. What can the child do in their push/Wheelchair that they cannot in other equipment? 
c. What can the child do in other equipment that they are unable to do in their 
pushchair/wheelchair? 
6. Background 
a. Was the background section easy to answer? 
b. Were the questions clear? 
c. What is it that you like about the push/wheelchair 
d. What is it that you don't like about the push/wheelchair 
e. How many hours would the child stay in the push/wheelchair 
f. How long have you had the push/wheelchair? 
Other comments 
Are there other questions that I should have asked? 
Is there anything I shouldn't ask? 
Appendix 6: Summaries of Parent and Therapist Pilot 
Interviews 
Subject/Topic Response Frequency 
Mentioned /8 
Appearance - No piece of disabled equipment looks good 8 
- Chair looks industrialised and production line 
- Chair different base/chassis with seating insert - looks bad - 
you wouldn't buy a car that had those properties 
- Appearance of chair must be co-ordinated 
- Chair really needs to be able to look better 
- Not a lot to like about the chair - is ugly 
- Any seating system is unattractive - could it be streamlined 
- Appearance not an important question - comfort more 
important 
- Seating needs to be attractive -needs to be right colour 
- but my child looks good in any chair 
- different types of looking good - emotional looking good or 
looking good in terms of posture 
- Ok if you say sits straight, looks straighter but doesn't look 
good 
- Concerns about how the world sees the child - not 'with it' 
or'looks retarded' 
-A child looking good in a wheelchair is not an option - 
need to know if comfortable in the chair 
- Difficult to know what looking good means 
Comfort - Child positioned in equipment for 24 hours a day - cannot 6 
always be comfortable 
- Child needs to be able to fall asleep in chair 
- Child is comfortable to a point - when its hot he gets very 
sweaty, why can't manufacturers make systems less hot 
-Hip hurts - not the fault of chair but child and asymmetry if 
in chair for any period 
- Chair very uncomfortable but doesn't have anything else to 
sit in 
- Chair needs to be comfortable 
Safety - Need to feel child is safe in chair 5 
- Can't get kneeblocks off in an emergency 
- Need to be able to get out in a hurry 
- Powered chairs fall over, can't get children out in hurry and 
they're very heavy to land on children 
- Safety the major issue 
Management of - Management of child more difficult because of the chair 8 
Child by parents - Takes time to get child in and out of chair which is a 
problem especially due to weather etc. 
- Difficult to get in and out of the car 
- Chair very heavy 
- Are the chair and the child in agreement - mother has 
medical concerns but child concerned about appearance and 
social concerns 
- Chair causes problems for parents - heavy, when it's wet 
- Always a compromise - increase posture, decrease 
independence 
-Big and not collapsible - takes up a whole car seat 
I - chair is so large that it cannot be transported in car - need 
an ambulance so child is housebound 
- Could do with a lighter weight frame 
- Don't have any choice re transport 
Carers needs - Effect on parents health - ergonomics of chair and 4 
emotionally 
- Bits stick out on chair and one injures oneself 
- Hurting oneself when lifting the chair in and out 
- Pushing the chair at wrong height causes pain 
Environment and - Accessibility very important 5 
Socialisation. - Chair inhibits what able to do - cannot go to people's 
homes and socialising is a major problem 
- Restrict lifestyle of family 
- Need a bigger car to cope with equipment 
- Chair fine for outside but can't use indoors as tuning base 
too large/difficult 
Function and ADL -Child needs to be stable so she can concentrate on skills 8 
- Function difficult 
-Can't find a wheelchair that fits every need - need to 
compromise 
- Toileting a big issue - how do you use a bottle 
and transferring in and out of chair 
- Problems accessing table etc - raises him up too high to be 
able to eat with rest of family 
- Transferring and toileting an issue 
- Where does child put their money? 
- Unable to reach things 
Like about chair - Chair is robust 3 
likes the flashy lights and new 
Chair easy to manoeuvre, looks padded, can adjust 
Do not like about - Chair has too many sharp edges 8 
chair - 
Weight of chair is a problem 
- chair is rigid, very heavy and cumbersome 
- Chair has made posture and medical problems worse 
- Chair is big ugly and unmanageable 
- Chair is heavy and cumbersome 
- Chair too large heavy and big 
- Powered chair always breaking down, need another chair, 
difficult to change over 
Child Feelings - Parents worried about self esteem and self worth of child, 3 
made worse by appearance of chair 
-It isn't necessarily the chair at fault but the user 
-Difficult always to comply - whole weekends go by when he 
doesn't want to use the chair 
Services - Chair needs to be co-ordinated with other pieces of 8 
equipment (AAC device, mounting etc) and no-one to do this 
except parents 
- As far as posture goes - that's for OT and PT to manage 
- Adjustment must be done by an expert 
- Confusing - different opinions by experts make it difficult 
to have confidence in anyone 
- Important that everybody has agreed with the system 
provided - otherwise parents feel like piggy in the middle 
-Who provided the chair 
- Chairs last about 6 months before needing 
adjustment/replacement/recasting which then takes 6 months 
to happen 
Although chair is uncomfortable for him, the wheelchair 
service have no money and no more chairs are authorised for 
12 months 
- Type of chair - one organisation have monopoly which 
makes it worse - can't get in a hurry 
- Fed up with 'we're short staffed' - this is not the families 
problem 
- Other professionals won't help - don't have the time to do 
for every child 
-Therapists have to listen to what parents say 
-Services and funding is totally inadequate 
- Poor quality control 
- Need to wait along time (average 6 weeks) for every 
adjustment and appointment 
- Need to know who pays and the cost 
- Attitudes of staff can be offensive - i. e. wheelchair clinic 
where asked details of birth in front of a teenage user - how 
is this relevant? 
-Doesn't want to be dissatisfied with chair 
- Cost and the right information - not confident that you get 
this from local services 
Emotional Issues - Don't feel have information of any use to offer 4 
- Love child but wish that she hadn't survived - what will 
happen when I die? 
- Don't want to be ungrateful and dissatisfied with equipment 
- Don't always have right information as to what's available 
Table A6.1: Parent themes identified through Interview about their child's wheelchair/adaptive 
seating system 
Subject/Topic Response Frequency 
Mentioned 
15 
Technical - Chair doesn't' support head 4 
- Chair is inadequate for postural support and pressure care 
- Systems unreliable 
- Mechanically the chair is easy to adjust - it is the child 
that makes adjustment different 
Appearance - Chair is very unattractive 5 
equipment - Don't like standard chairs 
- Cosmetically chair may be unattractive and look awful 
but does the job 
- Appearance can be part of the reason to Provide the chair 
- Ghastly appearance 
Appearance - Child - Difficult to separate whether child looks good because 3 
they have their makeup on or because of posture (no other 
reason - look good because posture is straight) 
- Do children look nice or posturally good 
- Chair looks good except when unwell 
Comfort - Often comfortable for short time and sometimes changes 5 
day to day 
- Chair is not comfortable at all 
- Comfort is relative, chair may be comfortable for short 
distances or more than other positions 
- Comfort - changes in a moment 
- Child gets pain from the chair 
- Defining comfort is difficult when kids can't tell you 
Safety 0 
Function - Things may be clear to a therapist about function that are 5 
not clear to a parent 
-Most functional position - lying over a roll, can't spend 
your life like this 
- Due to chair child dependent on others 
- Function is difficult to define and address 
- No change in function but posture is better 
Services 0 
Management of - Wouldn't know how much time child spends in chair - 2 
Child by parents only what parents tell 
- Child can be frightened of the equipment 
Carers needs 0 
Environment and - Moving chair about is fine in school home but not in I 
Socialisation community (shops etc) 
Transport - Many therapists may not know transport situation I 
ADL - Unable to do ADL tasks I 
Positive System - Like the practical aspect of the chair - covers removable 2 
and washable 
- Chair not robust enough 
Chair Negative - Movement within the system (instability) is a problem 2 
- Seat is big and heavy 
Child Feelings - Emotion and health have a lot to do with how child sits in I 
chair 
Services - Who paid for the chair and how much input did the 3 
paren have - were they part of the consultation process I 
-Who is responsible for seating system 
-Who provides and maintains the chair 
Emotional Issues Things change with time - things that were insurmountable I 
problems become A-i. e. couldn't put in car, now have 
ramps not a big problem I I 
Table A6.2: Therapist themes identified through interview regarding one child's 
wheelchair/adaptive seating system 
Appendix 7: Detailed Questionnaire Results 
Question I- "Does the child's seating system achieve what you had 
wanted it to? " 
In question I was the data is ordinal. There was no statistically significant difference 
between parents and therapists' replies to whether the child's seating system achieved 
what they had wanted it to in the first place (Mann-Whitney U test, p= 0.92). This is 
illustrated in table A7.1 and figure A7.2. Results are very similar apart from one 
therapist, who does not agree that the seating system is achieving what they had 
expected it to. 
Parent Therapist Significance 
Not at All 0 1 
0 0 p- 0.92 
9 9 
14 12 
Completely 6 7 
No Reply I I 
Table A7.1: Result of question I "Does the child's seating system achieve what you had wanted it 
to? " 
Does the system achieve what you wanted it to? 
16 
14 
12 
10 
8 
6 
4 
2 
0 
Parent 
Therapist] 
Figure A7.1: Bar chart showing similar results between parents and therapists in reply to 
question I- "Does the child's seating system achieve what you had wanted it to? The y-ax-is 
represents the number of replies 
Question 3- Does your child push themselves? 
Question 3 is a yes/no question that yields categoncal data. The respondents were 
asked to answer the question, and answer the folloyOng question (question 4) only if 
the answer was positive. No statistical analysis is necessary as the groups agreed that 
none of the children pushed themselves or did not answer (table A7-2 & figure A7.2)- 
A7.1 
12345 No Reply 
Not at all Corrpletely 
Parent Therapist 
n= 30 n= 30 
Yes 
-0 
0 
No 271 29 
No Reply 3 12 
Table 4.1: Showing the results to Quesfion 3 "Does the child push themselves? " 
Does the child push themselves? 
30 1, 
25 
20 
15 
10 
5 
0 
13 Parent 
OTherapist 
Figure 4.1: Bar chart showing agreement between parents and therapists to Question 3 "Does 
the child push themselves? " The y-axis represents the number of replies. 
Question 4- The chair is difficult for the children to push 
themselves? 
respondents were asked only to fill in question 4 if they had answered question 3 in 
the positive. However, despite no positive answers in question 3,12/60 respondents 
(20%) replied to question 4. The results are presented in table and figures A7.3 
There were no significant difference between parents and therapists' opinion as to 
whether the chair is difficult for the children to push by themselves (p= 0.27). 
However, as the parficipants have been diverted from the question in question 3, it is 
inappropriate to draw any conclusion from this result. 
Parent 
n= 30 
Therapist 
n= 30 
Signiricance 
Strongly agree 6 3 
-0 27 0 0 
p . 
Agree 2 0 
0 0 
Disagree 1 0 
No reply 
_ 
21 27 
Table A7.3: Results of Question 4 "The chair is difficult for the child to push themselves". 
A7.2 
Yes No No Reply 
The chair is difficult for your child to push themselves? 
30 
25 
20 
15 
10 
5 
0 
0 Parent 
0 Therapist 
Figure A7.3: Bar chart showing parents and therapists' answers to Question 4- "The chair is 
difficult for the child to push themselves". The y-axis shows the number of replies. 
Question 5- Does your child drive the chair themselves (if not please 
proceed to question 7) 
Question 5 was a yes/no question, yielding categorical data, askmig whether in the 
child's main chair they drive themselves. No statistically significant difference 
between parents and therapists opimon of whether the child drives themselves in their 
wheelchair is shown (Chi-square with continwty correction = 0.97, p= 0.33). 
However, even though statistically not significant, there was disagreement between 
the number of therapists (n=7) who think that children drive themselves in a powered 
wheelchair and the number of parents (n=3). These results are presented in table and 
figures A7.4. 
Parent 
n= 30 
Therapist 
n= 30 
Significance 
Yes 3 7 
No 25, 22, p= 0.33 
No Reply 21 11 
Table A7.4: Results of Question 5- "Does the child drive the chair themselves? " 
Does the child drive the chair themselves 
30 1 
25 
20 
15 
10 
5 
0 
E3 Parent 
13 Therapist 
Figure A7.4: Bar chart of Question 5- "Does the child drive the chair themselves? " The y-axis 
represents the number of replies. 
A7.3 
Strongly Agree Strongly No reply 
Agree Disagree 
Yes No No Reply 
Question 6- The chair is easy for the child to drive? 
The respondents were distracted from answering this question. 10 participants (n=3 
parents and n=7 therapists) were eligible to answer question 6, however 14 responded 
to question - more than expected from the previous result. The data is ordinal and the 
resulting statistical analysis showed no significant difference (Mann Whitney U test, 
p= 0.74) (Table and figures A7.5). 
Parent 
n= 30 
Therapist 
n= 30 
Significancc 
Strongly agree 1 2 
0 1 p= 0.74 
Agree 3 1 
0 3 
Disagree 2 1 
No reply 1 24 22 1 
Table 4.2: Results of Question 6- "The chair is easy for the child to drh-e" 
The chair is easy for the child to drive 
Figure A7.5: Bar chart showing parents and therapist responses to Question 6 "T'he chair Is easy 
for the child to drive". The y-axis shows the number of replies. 
Question 7- Does someone else push the chair? 
Question 7 was a yes/no question pelding categoncal data. 4 of the therapists 
suggested that other people did not push the children with one therapist not replying. 
For the parents and therapists who did reply, there was no significant difference 
between the groups as to whether the chair was pushed by someone else (Chi-square 
with continuity correction= 2.42, p= 0.12) (table and figures A7.6) 
Parent 
n= 30 
Therapist 
n= 30 
Significance 
Yes 29 25 
No 0 41 p=0.12 
No Reply I II I 
Table 7.6: Results from Question 7- "Does someone else push the chair" 
A7.4 
Does someone else push the chair? 
35 
30 
25 
20 
15 
10 
5 
0 Parent 
0 Therapist 
Figure A7.6: Bar chart showing the parents and therapists responses to Question 7- "Does 
someone else push the chair? " The y-axis represents the number of replies 
Question 8- The chair is difficult for the attendant to push 
There was no statistically significant difference between parents and therapists reply 
to question 8 (Mann Whitney U test, p= 0.37), however the differences that can be 
seen in table and figures A7.7 are interesting. It can be seen that therapists on the 
whole disagree that the chair is difficult for the attendant to push, with 5/30 therapists 
(17%) not replying - which may indicate that they don't know whether the chair is 
difficult to push or not. 
Parent 
n= 30 
Therapist 
n= 30 
Significance 
Strongly Agree 2 0 
5 1 p= 0.37 
Agree 3 2 
8 17 
Strongly Disagree 81 5 
No Reply 41 5 1 
Table A7.7: Results to Question 8- "The chair is difficult for the attendant to push" 
A7.5 
Yes No No Reply 
The chair is difficult-for the attendant to push 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 
, 13 Parent 
E3 Therapist 
Figure A7.7: Bar chart of answers to Question 8- "The chair is difficult for the attendant to 
push" - showing some differences between parents and therapists, although no statistically 
significant difference was shown. 
Question 9- Does your child use kneeblocks? 
Question 9 was a yes/no question and the answers are shown in table and figures 
A7.8. 
Parent 
n= 30 
Therapist 
n= 30 
Yes 29 30 
No 01 0 
No Reply I I 
Table A7.8. - Answers to Question 9- "Does the child use kneeblocks? " 
Does the child use kneeblocks? 
35 
30 
25 
20 
15 
10 
5 
0 
0 Parent 
113 Therapist 
Yes No No Reply 
Figure A7.8: Bar chart showing almost total agreement to Question 9- "Does the child use 
kneeblocks? " 
A7.6 
Strongly Agree Strongly No Reply 
Agree Disagree 
Question 10 - If your child uses kneeblocks, the kneeblocks are easy 
to put on? 
There was no statistically significant difference between parents and therapists as to 
whether the kneeblocks were easy to put on (Mann Whitney U test, p= 0.68), but the 
results, as seen in table A7.9 show that therapists tended to be closer together in their 
responses, whereas parents tend to be more widespread in their answers. 
Parent 
n 30 
Therapist 
n 30 
Significance 
Strongly Agree 6 1 
2 5 p= 0.68 
Agree 6 
6 
1 
11 
Strongly Disagree 
No Reply 
8 
2 
2 
01 
Table A7.9: Showing replies to Question 10 - "If the child wears kneeblocks, the kneeblocks are 
easy to put on. " 
Question 11 - Is the chair adjustable? 
Question II was another yes/no question, in which the majority of replies are *in the 
positive - yes the chair is adjustable with n=23 parents and n=27 therapists replying in 
the positive. However, there was no statistically significant difference between 
parents' and therapists' opinions on whether the chair was adjustable (Chi-square with 
continuity correction= 0.24, p= 0.44) (table AT 10 and figure A7.9). 
Parent 
n =30 
Therapist 
n =30 
Significance 
Yes 23 27 
No 6 3 p= 0.44 
No Repky 1 0 
Table A7.10: Showing the numerical results of Question II- "Is the chair adjustable? " 
Is the chair adjustable? 
30 
25 
20 
15 
10 
5 
0 
0 Parent 
13 Therapist 
Figure A7.9: Bar chart iflustrating answers to question 11 - "Is the chair adjustable? " 
A7.7 
Yes No No Reply 
Question 12 - The seating system is difficult to adjust to different 
positions 
The parents and therapists showed a statistically non-significant difference as to 
whether the children's seating systems were difficult to adjusts (Mann Whitney U 
Test, p= 0.50), but the bar chart illustrates that over a quarter (27%) of the parents did 
not reply, although only one parent did not reply to the previous yes/no question. The 
results are shown in table A7. II and figure A7.10. 
Parent 
n=30 
Therapist 
n=30 
Significance 
Strongly agree 10 3 
0 9 P= 0.50 
Agree 4 6 
7 8 
Strongly Disagree 1 2 
No Reply 8 2 
Table A7.11: Table of the results of question 12 - "The seating system is difficult to adjust to 
different positions" 
F--- 
12 
10 
8 
6 
4 
2 
0 
Parent 
Therapist 
Strongly Agree Strongly No Reply 
Agree Agree 
Figure A7.10. Bar chart showing parent and therapist replies to Question 12 - "The seating 
system is difficult to adjust to different positions". The y-axis shows the number of replies 
Question 13: The seating system itself is unattractive 
There was no statistically significant difference between parents and therapists as to 
whether the seating system was unattractive (Mann Whitney U test, p= 0.77), shown 
in table A7.12 and figure A7.11 
The seating system is difficult to adjust to 
different positions 
A7.8 
Parent 
n=30 
Therapist 
n=30 
Significance 
Strongly Agree 3 
1 p= 0.77 
Agree 4 
9 21 
Strongly Disagree 
No Reply 
7 
0 
0_ 
1 
Table A7.12: Depicting numerical answers to question 13 - "The seating system itself is 
unattractive" 
The seating system itself is unattractive 
1) rz 
Figure A7.11: Bar chart showing parents and therapists' response to Quest-ion 13 - "The seating 
system itself is unattractive". The y-axis represents the number of replies. 
Question 15 - Your child is usually comfortable in their chair 
18/30 (60%) of both parents and therapists agreed that the children were comfortable 
most of the time. No statistically significant difference between parents and therapists 
was shown (Mann-Whitney U test, p= 0.74) shown in table AT 13) and figure A7.12. 
Parent 
n=30 
Therapist 
n=30 
Significance 
Strongly Agree 2 0 
5 8 p- 0.74 
Agree 18 18 
3 4 
Strongly Disagree 2 0 
Table A7.13: Numerical answers to question 15 - "The chHd is usuany comfortable in their 
chair". 
A7.9 
The child is usually comfortable in their chair 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 
Parent 
Therapist 
Figure A7.12: Bar chart illustrating answers to question 15 "The child is usually comfortable in 
their chair". The y-axis shows the number of replies. 
Question 16 - The child is uncomfortable most of the time 
There was no statistically significant difference between parent and therapists as to 
whether they think the child is uncomfortable most of the time (Mann Whitney U test, 
p= 0.58) (table A7.14 and figure A7.13). 
Parents 
n=30 
Therapists 
n=30 
Significance 
11 Strongly Agree 1 0 
12 2 1 p= 0.58 
13 Agree 3 2 
14 10 18 
15 Strongly Disagree 14 9 
Table A7.14: Answers to question 16 - "The chfld is uncomfortable most of the time" 
The child is uncomfortable most of the time 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 
'13 Parent 
C3 Therapist 
Figure A7.13: Bar chart showing the results of the trend to agreement between parents and 
therapists for Question 16 - "The child is uncomfortable most of the time". The y-axis represents 
the number of replies. 
AT 10 
Strongly Agree Strongly 
Agree Disagree 
Strongly agree Agree Strongly 
Disagree 
Question 17 - Does your child use other pieces of equipment (e. g. 
Standing frame, home chair)? 
This was a yes/no question yields categorical data. There was no statistically 
significant difference between parents and therapists views that the children use other 
pieces of equipment (Chi-square with continwty correction= 1.42, p= 0.23. This is 
illustrated in table A7.15 and figure A7.14. 
Parent 
n=30 
Therapist 
n=30 
Significance 
Yes 27 29 pý 0.23 
No 3 1 
Table A7.15: Answers to question 17 - "Does the child use other pieces of equipment? " 
Does the child use other pieces of equipment 
35 
30 
25 ý 
20 
15 
10 
5 
0 
yes no 
parent 
Otherapist 
Figure A7.14: Bar chart showing response to question 17 - "Does the child use other pieces of 
equipment". The y-axis represents the number of replies. 
Question 18 - The child is able to hold their head up better in the 
seating system than in other equipment (e. g. other chairs, standing 
frame? ) 
Parents and therapists showed no statistically significant difference as to whether their 
child was able to hold their head up better in the seating system than in other 
equipment (Mann "tney U Test, p= 0.36) (table A7.16 and figure A7.15). 
A7.11 
Parents 
n=30 
Therapists 
n=30 
Significance 
Strongly Agree 6 3 
1 1 p= 0.36 
Agree 10 8 
-8 
12 
Strongly Disagree 4_ 3 
No Reply I 
_3 
Table A7.16: Answers to question 18 -" Your child is able to hold their head up better in their 
seating system than in other equipment? 
The child is able to hold up their head better in seating system 
14 
12 
10 
8 
6 
4 
2 
0 
0 Parent 
: 
13 Therapist 
Figure A7.15: Bar chart depicting answers to question IS - "The child Is able to hold up their 
head better in their seating system than in other equipment". The y-axis shows the number of 
replies. 
Question 20 - Does your child use a switch to operate a computer, 
toys or drive a wheelchair? 
Question 20 was a yes/no question with no statistical difference in their answers to 
whether the child used a switch (Chi-square continuity correction= 1.42, p= 0.23). 
The answers are shown in table A7.17 and figure A7.16. 
Parent 
n=30 
Therapist 
n=30 
Significance 
Yes 20 24 
No 9 4 pý 0.24 
No reply 1 2 
Table A7.17: Results of question 20 "Does the chUd use a switch to operate a computer, toys or 
drive a wheelchair? " 
A7.12 
Strongly Agree Strongly No Reply 
agree Disagree 
Does the child use a switch? 
15 13 Parent 
0 Therapist 
30 
25 
20 
10- 
5 
477771 0itIIIIIjI-I -T77771 -I 
Yes No No Reply 
Figure A7.16: Bar chart depicting the answers to question 20 - "Does the child use a switch to 
operate a computer, toys or drive a wheelchair? " The y-axis represents the number of replies. 
Question 21 - The child's switch use is better in their seating system 
than in other equipment (e. g. other chairs, standing frame). 
There was no statistically significant difference between parents and therapists 
opinion as to whether the child's switch use was better in or out of their seating 
system (Mann Whitney U test, p= 0.57). The results are shown in table A7.20 and 
figure 4A7.19. 
Parents 
n=30 
Therapists 
n=30 
Significance 
Strongly Agree 5 2 
2 4 p= 0.57 
Agree 6 10 
4 5 
Strongly Disagree 2 2 
No reply 11 7 
Table A7.18: Results of question 21 - The child's switch use is better in their seating system than 
in other equipment 
The child's switch use is better in their seating system 
than other equipment 
12 
10 
8 
6 
4 
2 
0 
13 Parent 
13 Therapist 
Figure A7.17: Bar chart illustrating the difference between parents and therapists' answers to 
question 21. 
A7.13 
Strongly Agree Strongly No Reply 
Agree Disagree 
Question 22 - Does your child use a joystick to drive a wheelchair, 
operate toys or a computer? 
There was no statistically significant difference between parents and therapists 
whether the child used a joystick (Chi-square with continuity correction= 0.368, p= 
0,54). The results are shown in table A7.19 and figure A7.18). 
Parents Therapists Significance 
n=30 n=30 
Yes 7 4 
No 22 25 p- 0.54 
No reply _ I I 
Table A7.19: Results of question 22 - "Does the child use a joystick? " 
Does the child use a joystick 
30 
25 
20 
Parent 
15 OTherapist 
10 
5 
IA 0 
Yes No No Reply 
Figure A7.18: Bar chart showing answers of parents and therapists to the question 22 - "Does 
the child use a joystick? " 
Question 23 - The child can use their joystick better when using their 
seating system than when they are not 
The results are not significant (Mann Whitney U test, p=0.37), and are presented in 
table A7.20 and fiaure A7.19. 
Parents 
n=30 
Therapists 
n=30 
Significanc 
Strongly Agree 1 0 
0 2 p= 0.37 
Agree 4 1 
0 1 
Strongly Disagree 2 2 
No Reply 23 24 
Table A7.20: Results of answers to question 23 - "The chfld can use their joystick better when 
using their seating system than when they are not". 
A7.14 
The child uses a joystick better in their seating system than 
other equipment 
30 
25 
20 
15 
10 
5 
0 
Strongly 
Agree 
Agree Strongly No Reply 
Disagree 
0 Parent 
0 Therapist 
FigureA7.19: Bar chart showing the answers to question 23 -"The child uses a joystick better in 
their seating system than other equipment". 
A7.15 
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AdinimsLer l(c, "S I k, 2 simulumcously, scorc separatcly 
Lifts'-ficad rimilw-illis S scc 
If child's bead is not flexed forw. ird prior to icst, insu-uct or assist cliild to do so. 
_ 
posi6on of (fic licýld LS 
defincd as dial position whcre ccnual ga7c is dircood along the Ijorizorital plane (+/- 15' in saggical planc). 
1. does not initi3cc he-ad II(L 
I initia(cs a hcad Hft 
3. lifts head, does not attain upngbr, but hold-s for S secc 
4. lifts head upright and malwalus for S scýc 
LIfts lic-ad ur)rii! li(, in midlitic ýind inammins 10 sec 
not. f1cxck Gi-war-d pnoc to his"a oc assist child to do so. Mldlnc posicio[i oC Llic I, (-. ad is 11child's nC6, is IC 
(1cf-iflcd as IJI, -, ( fx)sitloil NA-11crc cmi-, il gne is d: LrCCtcd aJong the horizonmi (+/- -S' In cororml pl; mc). 
1. docs im initlaw licýid lift 
2. initiatcs a hcýad lift but. (J(Ks not a(unti midlitic 
3. attains midlitic but maint: ilns for <10 seconds 
4. lift. head to midlinc arid maintains for 10 st-conds 
Lzans forward, touches toy wiLh nrefen-td w-ris( or hand, m-crects. 
Place bm-d 6" from cliild's stomacli. Small toy pl. 3ced on board at child's midline at a distancc I 'ami Icngcb* 
anterior to the trunk- midliric. 
1. , does not Ican, forvard and rc-<'-rcct 
2. leans forwafd but does not touch toy 
3. leans forA,, ifd. touches toy, but does no( rr, -crect 
4. leans forward, (ouchc-s toy, rc-crects 
4. Lt-ans forward and (o righ(or left, touches toy with OPPQSFI-E band, 
Tbe intent of this icem is to obtain trunk- rota6on; either Land imay be uszd- Small toy placed ori board in 
front of child on die side opposite to die reaclAng Liand. Place toy I am length of the maching arm aloog the 
layout guide marker Inic which runs 60' from trunk- midline. 
doc-s no( iiio%, c ti-iml. 
1(ý, Ills wwaf&s (o). kil do". 's ljo: touch it 
Luis (oward. s and loudic-s I())- %vidj luind. docs not rc-crccl 
wI -md, rc-crccL-ý 4. LUIS toW, 3f-J. 1; 311d (I, jjý 
Paý. 
-, (2 
"1 
SPCM AppendiCies 
Appendix 3: SPCM Scoring Form (cont'd) 
1)<-)! Il 111)1)cr linih. " fice of -, (If) oI pI .L 
does [lot lift cidlcr upNr lil"11) off. -, llpjx-)(I 
2. lifts IZ IG, 11T or Y uppcr I im I) orf-st I pporl rm- lc-, ý (11: t I13 scc 
3. hNs one upper limb offsup[N)ri for 3 wýc 
4, hru now i ullKr linihs off snplan Pir 3 scc 
tild loy w101 1)Ccfcfr(ýýl Ivuld 
Sm, 'ill my 1)1: jcr-d on board an 'ann Icngth'amcnior (o thc trunk, midlinc. 
I. d(Y-'S no( (Oudl toy 
2. touches toy widi palm or fingcrs 
3. grasps toy and lifts It off bo-2. rd for 3 sec 
4. rcica-scs toy into largc conLiincr scA down in a convenient place 
Administer acriis 7 k, o simultanc-ously, score spzpanaccly. 
7. Rcinov, ýýsnnd replaccs lid of sacw-tyrn- ja 
IIII, 11), 
IOC16()II wil cil accommodatcs dilld's a((CMPL-, to gr'asp jaf. jacphCut Oil b-0.1-rd 111(cr, oc (Oct 1' 1 (I's [-, I* W* lie at,, 
I. (I(Xýs flo( (ouch J., if 
2. pficcs olic or both 11: 11lds oil J21- 
3. unscrms and rcino%, cs jar lid 
4. replaocs jar I id and scTews 1( clo--r-d 
S. flicks up raisin (or Chc--rio), places into niouch v., i0i preferTed h2nd 
P, aisin placcd on board a( an), location which sccorrunodaw-s child's auempts to p,, Ck up raisin. 
1. docs iio( (ouch raisin 
2. touclics raisin widi tdps of fingus and/or Lbumb 
3. picks up msin and holds 3 scýc 
4. relcascs raisin in moudi 
Ilicks up pen. mak-c-s a mark- on P3f)C 
Peu and 8-1/2' xI I" sh= of paper placed midlinc on board. Pen Lip poýnGng towards diild. 
I- do-c-s not grasp pcn 
2. gra-sp pen with one or botli hands 
3. gr-asp and lifts liand and/or pcn clear o( surfacc 
4. marks P. 3pcr rf, 
Pa i-, o 
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Appendix 3: SPCM Scoring Form (cont'd) 
10. I'Liccs (licc inj'; ir_() ic at :i timc witil )(cfcrrc(j 1. - -Lý: - -- ýýý 
in 30 s(-c 
Placc one (fic and Jar ()it koard as indiczýatcd by papu guidc immediately tit frolit of Child. IZC(JijýýSL Child to pLacc 
(11CC In(o pr, ()! IC It :1 (1111C, one 11.111d, am rx"t. as possibic. Assc-ssor to phCC iwxt dice ()it ImNr gmdc whilc 
Child Is Placing prcvH)If.., dfcc 11I. I. tr. (I)o [to( hinder dilld's Ni-forwance. ) 
docs, lim phCC: 1115, dICC 111 1: 11 
I dic 
1)1. -iccs 2 to 5 dicc, 
pl. iccs 6 djoc 
IL MOYCS 11", /Ilcr wlicclchair Cor%v2rd 45' in Ic.,, s (han 20 -. ýcc 
Mlow otic practice trial to cii. surc Child understands die Lisk. 
I. unable to move wheddiair forvard 
2. moves whCelchair forward 10* In less than 60 -s, ýc 
I moves wheelchair forward 45'In less than 60 scc 
4. moves wliccichair forward 45' in less than 20 sec 
12. liiýfli(7r 10, Ilorig s' %Vi(IC corridor, (unis riglit o, - Nji 90' ind flirougll 33" 
Allow otic pmcncc (i i: il to cwolic (:. Iill(j (Indcr'suinds dic task. Mamirium of 60 s,, ýcoiids illowed for cocupicoon of 
dic L: L4:. 
I. docs not iziovc -. 0iccidmir forx; ird 10' NvIdiout burnping into walLs 
2. movc-s wficelch, %ir Cui-ward 10' but docs not initiate a tw-n 
3. moves wficelch. ur forward 10', cums and passes tbrough doorway with wall contact 
4. movcs wficclcliair Corward 10', cums and passcs frocly thxough doorway 
TOTAL SCORE MNCTION S =-ON 
Enter score on Page I 
(Max. = 4-8) 
IIý.. ý /, 
Appendix 9: Detailed Results of the Seated Postural 
Control Measure 
Static Postural Alignment Item 1 (SPAI) - Pelvic Obliquity 
Angular Deviation 
Sphericity was met for SPAI (Mauchley's test of sphericity, p= 0.38). No statistically 
significant difference in pelvic obliquity was shown over the six visits (F95,5= 0.60, p= 
0.70). This was confirmed by a not statistically significant result on MANOVA (F]5,5= 
1.08, p= 0.41), and is shown in Figure A9.1. 
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Figure A9.1: Box and whisker plot of the angular deviation from 0" for Static Postural Alignment 1- 
Pelvic obliquity. The horizontal line in the box is the median, the lower and upper ends of the box 
represent the lower and upper quartiles, and the horizontal lines at the lower and upper vertical line 
represent the 2.5 and 97.5 percentiles. The circles represent the 'outliers', which represent cases with 
values between 1.5 and 3 box lengths from the upper edge of the box. 
SPAl - Kneeblocks on and off 
There was no statistically significant difference between the two groups (kneeblocks on 
and off) at visits 3 (Mean Difference (MD)= 0.71', 95%Confidence Interval (CI) is -1.06 
to +2.490, t=-0.84, p= 0.41) or at visit 4 (MD= -0.960,95% CI is -2.56 to +0.64, t=-1.24, 
P= 0.23). 
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Figure A9.2: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation from 
0' for SPA1 - Pelvic Obliquity. The box in the middle of each vertical line is the mean and the 
vertical line itself represents the 95 % confidence interval around that mean. 
Static Postural Alignment 2 (SPA2) - Trunk Lateral Shift 
SPA2 - Angular Deviation 
Sphericity was violated for SPA2 (Mauchley's test of sphericity, p= 0.01), and a 
Greenhouse-Geisser correction was applied to the degrees of freedom (F-= 0.65). 
Repeated measures ANOVA was performed and no statistically significant difference in 
pelvic obliquity was shown over the six visits (F95,5= 0.87, p= 0.47). This was confirmed 
by a not statistically significant result on MANOVA (F15,5= 2.05, p= 0.41), and is shown 
in Figure A9.3. 
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Figure A9.3: Box and whisker plot of the angular deviation from 0() for Static Postural Alignment 
2- Trunk Lateral Shift. The horizontal line in the box is the median, the lower and upper ends of the 
box represent the lower and upper quartiles, and the horizontal lines at the lower and upper vertical 
line represent the 2.5 and 97.5 percentiles. The bottom horizontal line for Visit 3 is 0. The circles 
represent the 'outliers', who represent cases with values between 1.5 and 3 box lengths from the 
upper edge of the box, and the star represents 'extremes', which are cases with values more than 3 
box lengths from the upper edge of the box. 
SPA2 - Kneeblocks on and off 
At visit 3 the mean of on and off again were the same (MD= 0.000,95% CI is -3.38-3.38, 
t= 0, p= 1), at visit 4 there was a difference between the two means, but this did not reach 
statistical significance (MD= 1.570,95% CI is -0.174 to +3.30, t= 1.87, p= 0.08) (Figure 
A9.4). 
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Figure A9.4: Error bar plot of kneeblocks on and off at visit 3 and visit 4. The box in the middle of 
each vertical line is the mean and the vertical line itself represents the 95% confidence interval 
around that mean. 
Static Postural Alignment Item 3 (SPA3) - Shoulder Height 
SPA3 - Angular Deviation 
Sphericity was been violated for SPA3 (Mauchley's test of sphericity, p= 0.009). A 
Greenhouse-Geisser correction was used (c= 0.53) to correct the degrees of freedom. 
Repeated measures ANOVA showed a not statistically significant difference over the six 
visits for SPA3 - Shoulder Height (FgO, 5= 0,80, p= 0.49), indicating that this did not 
change over the six visits. MANOVA also demonstrated a not statistically significant 
difference for Shoulder Height (F14,5= 0.64, p= 0.67) (figure A9.5). 
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Figure A9.5: Box and whisker plot of the angular deviation from 0" for Static Postural Alignment 3- 
Shoulder height. The horizontal line in the box is the median, the lower and upper ends of the box 
represent the lower and upper quartiles, and the horizontal lines at the lower and upper vertical line 
represent the 2.5 and 97.5 percentiles. The bottom horizontal line for Visit 3 is 0. The circles 
represent the 'outliers', cases with values between 1.5 and 3 box lengths from the upper edge of the 
box, and the asterix represents 'extremes', which are cases with values more than 3 box lengths from 
the upper edge of the box. 
SPA3 - Kneeblocks on and off 
For shoulder height, there was no statistically significant difference in shoulder height 
angular deviation at either visit 3 (MD= -0.76,95% CI is -3.16 to +1.63, t= -0.66, p= 
0.52) or visit 4 (MD= 0.50,95% Cl is -1.26 to +2.26, t= 0.59, p=0.56) (figure A9.6). 
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Figure A9.6: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation from 
00 for SPA3 - Shoulder Height. The box in the middle of each vertical line is the mean and the 
vertical line itself represents the 95 % confidence interval around that mean. 
Static Postural Alignment item 4 (SPA4) - Head Lateral Tilt 
SPA4 - Angular Deviation 
Sphericity was met (Mauchley's test of sphericity, p= 0.174), however, no statistically 
significant difference was shown for head lateral tilt over the six visits (F50,5== 0.73 1, p= 
0.003) (figure A9.7). 
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Figure A9.7: Box and whisker plot of the angular deviation from 0" for Spa4 - Head Lateral Tilt. 
The horizontal line in the box is the median, the lower and upper ends of the box represent the lower 
and upper quartiles, and the horizontal lines at the lower and upper vertical line represent the 2.5 
and 97.5 percentiles. The minimum score is 0', which was the lower limit for 5/6 visits. The circles 
represent the 'outliers' that represent cases with values between 1.5 and 3 box lengths from the upper 
edge of the box. 
SPA4 - Kneeblocks on and off 
No statistically significant difference in degree of head lateral tilt was shown at visit 3 
(MD= 1.71', 95% CI is -6.05 to +9.47, t= 0.47, p= 0.65), or visit 4 (MD= 0,29', 95% CI 
is -3.31 to +3.88, t= 0.17, p= 0.87). This is shown in Figure A9.8. 
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Figure A9.8: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation from 
0" for SPA4 - Head lateral tilt. The box in the middle of each vertical line is the mean and the 
vertical line itself represents the 95 % confidence interval around that mean. 
Static Postural Alignment Item 5 (SPA5) - Right Hip Rotation 
SPA5 - Angular Deviation 
Sphericity was met for Right Hip Rotation (Mauchley's test of sphericity, p= 0.5). No 
statistically significant difference over the 6-visit period in right hip rotation was found 
(F85,5= 1.13, p= 0.06). This was also true for MANOVA, no statistically significant result 
was shown here either (F]3,5= 2.0, p= 0.1), and these results are shown in Figure A9.9. 
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Figure A9.9: Box and whisker plot of the angular deviation from 0" for Static Postural Alignment 
Item 5- Right Hip Rotation. The horizontal line in the box is the median, the lower and upper ends 
of the box represent the lower and upper quartiles, and the horizontal lines at the lower and upper 
vertical line represent the 2.5 and 97.5 percentiles. The bottom horizontal line for Visit 3 is 0. The 
circles represent the 'outliers', who represent cases with values between 1.5 and 3 box lengths from 
the upper edge of the box, and the star represents 'extremes', which are cases with values more than 
3 box lengths from the upper edge of the box. 
Static Postural Alignment Item 7 (SPA7) - Pelvic Tilt 
SPA7 - Angular Deviation 
Sphericity was violated (Mauchley's test of sphericity, p= 0.009) in this instance, and a 
Green hou se-Gei s ser correction is added to the degrees of freedom. (C= 0.597). There was 
no statistically significant difference over the six-visit period in pelvic tilt using repeated 
measures ANOVA (F95,5= 1.309, p= 0.280). This was confirmed by MANOVA, which 
also showed a not statistically significant difference between the six visits (F]5,5= 1.641, 
p= 0.2 1 0)(figure A9.10). 
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Figure A9.10: Box and whisker plot of the angular deviation from 0" for Spa7 - Pelvic Tilt. The 
horizontal line in the box is the median, the lower and upper ends of the box represent the lower and 
upper quartiles, and the horizontal lines at the lower and upper vertical line represent the 2.5 and 
97.5 percentiles. The minimum score is 0', which was the lower limit for 5/6 visits. The circles 
represent the 'outliers', which represent cases with values between 1.5 and 3 box lengths from the 
upper edge of the box. 
SPA7 - Kneeblocks on and off 
No statistically significant difference in pelvic tilt was found either at visits 3 (MD- - 
0.76', 95% Cl is -2.50 to +0.98, t= -0.914, p= 0.37) or 4 (MD= - 1.700,95% Cl is -4.87 to 
+1.48, t= -1.11, p= 0.28) (Figure A9.1 1). 
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Figure A9.1 1: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 0' for SPA7 - Pelvic Tilt. The box in the middle of each vertical line is the mean and the vertical 
line itself represents the 95% confidence interval around that mean. In this case there is not a 
statistically significant difference between wearing and not wearing the kneeblocks. 
A9.10 
Static Postural Alignment Item 8 (SPA8) - Lumbar Curve 
SPA8 - Angular Deviation 
20 children completed SPA8 over the entire six-visit period. The result over that period 
was not statistically significant for difference in the lumbar curve as measured according 
to the SPCM predefined manner (Friedman test, p= 0.74) (figure A9.12). 
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Figure A9.12: Bar chart plot of ordinal predefined categories of the SPCM for SPA8 - Lumbar 
Curve. A score of 4 is defined as 'normal', 3 is defined as 'Mild' angular deviation from 0', and 2 is 
defined as 'Moderate' angular deviation from 0" and the minimum score (Severe = 1) is 1. No 
statistically significant differences were seen over the 6-visit period. 
Static Postural Alignment Item 9 (SPA9) - Thoracic Curve 
No statistically significant difference over the six-visit period was observed in thoracic 
curvature over the trial (Friedman test, p= 0.22) (figure A9.13). 
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Figure A9.13: Bar chart plot of ordinal predefined categories of the SPCM for SPA9 - Thoracic 
Curve. A score of 4 is defined as 'normal', 3 are defined as 'Mild' deviation, and 2 is defined as 
'Moderate' deviation'and the minimum score (Severe) is 1. The categories are estimated and judged 
according to a picture on the SPCM form. No statistically significant differences were seen over the 
6-visit period. 
A9.11 
Static Postural Alignment Item 10 (SPA10) - Trunk Inclination 
SPA10 - Angular Deviation 
Sphericity was violated in this case (Mauchley's test of sphericity, p= 0.05) and a 
Greenhouse-Geisser correction to the degrees of freedom was used (C = 0.66). There was 
no statistically significant difference over the six-visit period for trunk inclination looking 
at repeated measures ANOVA (F, 00,5= 0.46, P= 0.73), and no statistically significant 
difference using MANOVA was found (F]6,5= 1.09, p= 0.40). This is illustrated in figure 
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Figure A9.14: Box and whisker plot of the angular deviation from 0" for Static Postural Alignment 
Item 10 - Trunk Inclination. The horizontal line in the box is the median, the lower and upper ends 
of the box represent the lower and upper quartiles, and the horizontal lines at the lower and upper 
vertical line represent the 2.5 and 97.5 percentiles. The bottom horizontal line for Visit 3 is 0. The 
circles represent the 'outliers', who represent cases with values between 1.5 and 3 box lengths from 
the upper edge of the box, and the star represents 'extremes', which are cases with values more than 
3 box lengths from the upper edge of the box. 
SPA10 - SPCM Categories 
The results over the six-visit period approached statistical significance (Friedman's test, 
p= 0.05 1). Visit 2 and visit 3 were compared using a Wilcoxon signed ranks test and a 
statistically significant difference in trunk inclination (p= 0.03) was seen (figure A9.15). 
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Figure A9.15: Bar chart plot of ordinal predefined categories of the SPCM for SPAN - Trunk 
Inclination. A score of 4 is defined as 'normal', 3 is defined as 'Mild' angular deviation from 0', and 
2 is defined as 'Moderate' angular deviation from 0" and the minimum score (Severe) is 1. 
SPA10 - Kneeblocks on and off 
No statistically significant difference in pelvic tilt was found either at visits 3 (MD= - 
0.62', 95% Cl is -0.97 to + 2.21, t= 0.81, p= 0.43) or 4 (MD= -0.35', 95% Cl is -2.28 to 
1.59, t= -0.37, p= 0.7 1) (Figure A9.16). 
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Figure A9.16: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 0' for SPA10 - Trunk Lateral Shift. The box in the middle of each vertical line is the mean and 
the vertical line itself represents the 95 % confidence interval around that mean. In this case there is 
not a statistically significant difference between wearing and not wearing the kneeblocks either side 
of the intervention period. 
A9.13 
Static Postural Alignment Item 11 (SPAII) - Head Anterior/Posterior 
Tilt 
SPA11 - Angular Deviation 
Sphericity is met for SPA II (Mauchley's test of sphericity, p= 0.120), but there is no 
statistically significant difference in head anterior/posterior tilt between the six visit study 
period on repeated measures ANOVA (F85,5= 0.90, p= 0.48), and this is confirmed using 
MANOVA (F13,5= 0.62, p= 0.69). This is illustrated in figure A9.17. 
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Figure A9.17: Box and whisker plot of the angular deviation from 00 for Static Postural Alignment 
Item 11 - head anterior/posterior tilt. The horizontal line in the box is the median, the lower and 
upper ends of the box represent the lower and upper quartiles, and the horizontal lines at the lower 
and upper vertical line represent the 2.5 and 97.5 percentiles. The bottom horizontal line for Visit 3 
is 0. The circles represent the 'outliers', who represent cases with values between 1.5 and 3 box 
lengths from the upper edge of the box, and the asterix represents 'extremes', which are cases with 
values more than 3 box lengths from the upper edge of the box. 
SPA 11 - Kneeblocks on and off 
No statistically significant difference was seen in head anterior/posterior tilt with the 
kneeblocks on or off at visits 3 (MD= -5.90', 95% Cl is -17.65 to +5.85, t= -1-05, p= 
0.3 1) or 4 (MD= 0.770,95% Cl is -2.69 to +4.23, t= 0.46, p= 0.65) (figure A9.18). 
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Figure A9.18: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 0' for SPA11 - Head ante rior/posterior tilt. The box in the middle of each vertical line is the 
mean and the vertical line itself represents the 95% confidence interval around that mean. In this 
case there is not a statistically significant difference between wearing and not wearing the kneeblocks 
either side of the intervention period. 
Static Postural Alignment Item 12 - Right Hip Flexion/Extension 
SPA12 - Angular Deviation 
On repeated measures ANOVA statistical analysis, sphericity was met (Mauchley's test 
of sphericity, p= 0.10). No statistically significant difference in right hip 
flexion/extension was seen over the 6-visit period (F95,5= 1.03, p= 0.41). MANOVA 
further shows no statistically significant difference between the six visits (F]5,5= 0.88, p= 
0.52). This is shown in figure A9.19. 
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Figure A9.19: Box and whisker plot of the angular deviation from 0" for Static Postural Alignment 
Item 12 - Right hip flexion/extension. The horizontal line in the box is the median, the lower and 
upper ends of the box represent the lower and upper quartiles, and the horizontal lines at the lower 
and upper vertical line represent the 2.5 and 97.5 percentiles. The bottom horizontal line for Visit 3 
is 0. The circles represent the 'outliers', who represent cases with values between 1.5 and 3 box 
lengths from the upper edge of the box, and the star represents 'extremes', which are cases with 
values more than 3 box lengths from the upper edge of the box. 
SPA12 - Kneeblocks on and off 
The mean difference at visit 3 between kneeblocks on and off was 00, so there was no 
difference between the two states. At visit 4 there was more of a difference between the 
kneeblocks on and kneeblocks off hip flexion, but this was not a statistically significant 
difference (MD= -2.48', 95% CI is -5.05 to +0.09, t= -2.00, p= 0.06) (figure A9.20). 
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Figure A9.20: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 90' of flexion for SPA12 - Right hip flexion/extension. The box in the middle of each vertical 
line is the mean and the vertical line itself represents the 95% confidence interval around that mean. 
In this case there is no difference between the means at visit 3 and no statistically significant 
difference between wearing and not wearing the kneeblocks at visit 4. 
Static Postural Alignment Item 13 - Left Hip Flexion/Extension 
SPA13 - Angular Deviation 
Repeated measures ANOVA statistical analysis, sphericity was violated (Mauchley's test 
of sphericity, p= 0.024), and a Greenhouse-Geisser correction to the degrees of freedom 
was used (c = 0.61). No statistically significant difference in left hip flexion/extension 
was seen over the 6-visit period (F95,5= 1.38, p= 0.26). MANOVA also showed no 
statistically significant difference between the six visits (F, 5,5=2.00, p= 0.14). This is 
shown in figure A9.2 1. 
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Figure A9.21: Box and whisker plot of the angular deviation from 0" for Static Postural Alignment 
Item 13 - Left hip flexion/extension. The horizontal line in the box is the median, the lower and 
upper ends of the box represent the lower and upper quartiles, and the horizontal lines at the lower 
and upper vertical line represent the 2.5 and 97.5 percentiles. The bottom horizontal line for Visit 3 
is 0. The circles represent the 'outliers', who represent cases with values between 1.5 and 3 box 
lengths from the upper edge of the box, and the star represents 'extremes', which are cases with 
values more than 3 box lengths from the upper edge of the box. 
SPA13 - Kneeblocks on and off 
There was no statistically significant difference in left hip flexion at visit 3 (MD= 0.430, 
95% Cl is -1.65 to +2.50, t= -0.41, p= 0.67), or at visit 4 (MD= -0.520,95% Cl is -2.85 
to +1.80, t= -0.47, p= 0.65) (figure A9.22). 
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Figure A9.22: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 90' of flexion for SPA13 - left hip flexion/extension. The box in the middle of each vertical 
line 
is the mean and the vertical line itself represents the 95 % confidence interval around that mean. In 
this case there no statistically significant difference between wearing and not wearing the kneeblocks 
at visits 3&4. 
A9.18 
Static Postural Alignment Item 14 - Right Knee Flexion/Extension 
SPA14 - Angular Deviation 
On repeated measures ANOVA statistical analysis, sphericity was met (Mauchley's test 
of sphericity, p= 0.95). No statistically significant difference in fight knee 
flexion/extension was seen over the 6-visit period (F95,5=0.93, p= 0.46). MANOVA 
further shows no statistically significant difference between the six visits (F]5,5= 1.15, p= 
0.38). This is shown in figure A9.23. 
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Figure A9.23: Box and whisker plot of the angular deviation from 90" for Static Postural Alignment 
Item 14 - right knee flexion/extension. The horizontal line in the box is the median, the lower and 
upper ends of the box represent the lower and upper quartiles, and the horizontal lines at the lower 
and upper vertical line represent the 2.5 and 97.5 percentiles. The bottom horizontal line for Visit 3 
is 0. The circles represent the 'outliers', who represent cases with values between 1.5 and 3 box 
lengths from the upper edge of the box. 
SPA14 - Kneeblocks on and off 
There was no statistically significant difference in right knee flexion/extension between 
kneeblocks off and on at visit 3 (MD= -0.570,95% CI is -2.99 to +1.85, t= -0-49, P= 
0.62), or at visit 4 (MD= -1.300,95% CI is -3.85 to +1.24, t= -1.06, p= 0.30) (figure 
A9.24). 
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Figure A9.24: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 90' of flexion for SPA14 - right knee flexion/extension. The box in the middle of each vertical 
line is the mean and the vertical line itself represents the 95 % confidence interval around that mean. 
In this case there no statistically significant difference between wearing and not wearing the 
kneeblocks at visits 3&4. 
Static Postural Alignment Item 16 (SPA16) - Right Ankle Dorsi/Plantar 
Flexion 
SPA16 - Angular Deviation 
On repeated measures ANOVA statistical analysis, sphericity was not violated 
(Mauchley's test of sphericity, p= 0.43). No statistically significant difference in right 
ankle flexion was seen over the 6 visit period (F95,5= 0.54, p= 0.74). MANOVA also 
showed no statistically significant difference between the six visits (F]5,5= 0.33, P= 0.89). 
This is shown in figure A9.25. 
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Figure A9.25: Box and whisker plot of the angular deviation from 90" for Static Postural Alignment 
Item 16 - right ankle dorsi/plantar flexion. The horizontal line in the box is the median, the lower 
and upper ends of the box represent the lower and upper quartiles, and the horizontal lines at the 
lower and upper vertical line represent the 2.5 and 97.5 percentiles. The bottom horizontal line for 
Visit 3 is 0. The circles represent the 'outliers', who represent cases with values between 1.5 and 3 
box lengths from the upper edge of the box, and the asterix represent the extreme values, over 3 box 
lengths from the upper edge of the box. 
SPA16 - Kneeblocks on and off 
At visit 3 there was no statistically significant difference in right ankle dorsi/plantar 
flexion between kneeblocks off and on (MD= -2.24', 95% CI is -5.15 to +0.67, t= -1.61, 
p= 0.12). At visit 4 there also was no statistically significant difference in right ankle 
dorsi/plantar flexion between the kneeblocks on and kneeblocks off (MD= -0.57', 95% 
Cl is -3.12 to +1.99, t= -0.46, p= 0.65)(figure A9.26). 
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Figure A9.2610: Error bar plot of kneeblocks on and off at visit 3 and visit for angular deviation 
from 900 of flexion for SPA16 - right ankle dorsi/plantar flexion. The box in the middle of each 
vertical line is the mean and the vertical line itself represents the 95% confidence interval around 
that mean. In this case there were no statistically significant difference between kneeblocks on and 
kneeblocks off at visit 3 or visit 4. 
A9.21 
Static Postural Alignment Item 17 
Dorsi/Plantar Flexion 
SPA17 - Kneeblocks on and off 
(SPA17) - Left Ankle 
There was no statistically significant difference in left ankle dorsi/plantar flexion between 
kneeblocks off and on at visit 3 (MD= -0.620,95% Cl is -3.53 to +2.29, t= -0.44, p= 0.66) 
or at visit 4 (MD= -1.00', 95% Cl is-2.61 +0.61, t= -1.29, p= 0.21)(figure A9.27). 
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Figure A9.27: Error bar plot of kneeblocks on and off at visit 3 and visit for angular deviation from 
900 of flexion for SPA17 - left ankle dorsi/plantar flexion. The box in the middle of each vertical line 
is the mean and the vertical line itself represents the 95 % confidence interval around that mean. In 
this case there were no statistically significant difference between kneeblocks on and kneeblocks off 
at visit 3 or visit 4. 
Static Postural Alignment Item 18 (SPA18) - Pelvic Rotation 
SPA18 - Angular Deviation 
Sphericity was met (Mauchley's test of sphericity, p= 0.10) for pelvic rotation. There was 
no statistically significant difference over the six visit period in pelvic rotation on 
repeated measures ANOVA (FgO, 5= 0.56, p= 0.73). This was confirmed by MANOVA, 
which further showed a not statistically significant difference between the six visits 
(F]4.5= 0.50, p= 0.77) (Figure A9.28). 
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Figure A9.28: Box and whisker plot of the angular deviation from 0" for Spal-8 - Pelvic Rotation. 
The horizontal line in the box is the median, the lower and upper ends of the box represent the lower 
and upper quartiles, and the horizontal lines at the lower and upper vertical line represent the 2.5 
and 97.5 percentiles. The minimum score is 00, which was the lower limit for 5/6 visits. The circles 
represent the 'outliers', which represent cases with values between 1.5 and 3 box lengths from the 
upper edge of the box. 
SPA18 - Kneeblocks on and off 
No statistically significant difference in pelvic tilt was found either at visit 3 (MD= - 
0.86', 95% Cl IS-1.65 to +3.37, t= 0.71, p= 0.49) or 4 (MD= 0.57', 95% Cl is-2.02 to 
+3.15, t= 0.45, p= 0.55) (Figure A9.29 
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Figure A9.29: Error bar plot of kneeblocks on and off at visit 3 and visit 4 for angular deviation 
from 0' for SPA18 - Pelvic Rotation. The box in the middle of each vertical 
line is the mean and the 
vertical line itself represents the 95 % confidence interval around that mean. In this case there is not 
a statistically significant difference between wearing and not wearing the kneeblocks. 
A9.23 
Static Postural Alignment Item 19 (SPA19) - Upper Trunk Rotation 
SPA19 - Angular Deviation 
Sphericity was met (Mauchley's test of sphericity, p= 0.60) for upper trunk rotation. 
There was no statistically significant difference over the six visit period in upper trunk 
rotation on repeated measures ANOVA (F75,5=0.50, p= 0.78). This was confirmed by 
MANOVA, which further showed a not statistically significant difference between the six 
visits (F, 1,5=0.52, p= 0.75) (Figure A9.30). 
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Figure A9.30: Box and whisker plot of the angular deviation from 0" for Spa19 - Upper Trunk 
Rotation. The horizontal line in the box is the median, the lower and upper ends of the box represent 
the lower and upper quartiles, and the horizontal lines at the lower and upper vertical line represent 
the 2.5 and 97.5 percentiles. The minimum score is 0', which was the lower limit for 5/6 visits. The 
circles represent the 'outliers', which represent cases with values between 1.5 and 3 box lengths from 
the upper edge of the box. 
Static Postural Alignment Item 21(SPA21) - Right Hip 
Adduction/Abduction 
SPA21 - Angular Deviation 
Sphericity was met (Mauchley's test of sphericity, p= 0.17) for right hip ad/abduction. 
There was no statistically significant difference over the six visit period in right hip 
ad/abduction on repeated measures ANOVA (F95,5=0.07, p= 0.69). This was confirmed 
by MANOVA, which further showed a not statistically significant difference between the 
six visits (F15,5=0.72, p= 0.62) (Figure A9.3 1). 
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Figure A9.111: Box and whisker plot of the angular deviation from 0" for Spa19 - Upper Trunk 
Rotation. The horizontal line in the box is the median, the lower and upper ends of the box represent 
the lower and upper quartiles, and the horizontal lines at the lower and upper vertical line represent 
the 2.5 and 97.5 percentiles. The circle represent the 'outlier', which represent cases with values 
between 1.5 and 3 box lengths from the upper edge of the box, and the star represents the 'extreme' 
value, representing cases with values that are more than 3 box lengths from the upper edge of the 
box. 
Static Postural Alignment Item 22(SPA22) - Left Hip Adduction/ 
Abduction 
SPA22 - Angular Deviation 
Sphericity was met (Mauchley's test of sphericity, p=0.24) for left hip ad/abduction. 
There was no statistically significant difference over the six visit period in right hip 
ad/abduction on repeated measures ANOVA (F95,5= 0.79, p= 0.56). This was confirmed 
by MANOVA, which further showed a not statistically significant difference between the 
six visits (F15,5= 1.72, p= 0.19) (Figure A9.32). 
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Figure A9.32: Box and whisker plot of the angular deviation from 0 () for Spa22 - Left Hip 
Ad/abduction. The horizontal line in the box is the median, the lower and upper ends of the box 
represent the lower and upper quartiles, and the horizontal lines at the lower and upper vertical line 
represent the 2.5 and 97.5 percentiles. The circle represent the 'outliers, which represent cases with 
values between 1.5 and 3 box lengths from the upper edge of the box, and the star represents the 
'extreme' value, representing cases with values that are more than 3 box lengths from the upper edge 
of the box. 
A9.26 
Appendix 10: Analysis of Static Biomechanics 
Biomechanical Analysis - Participant 5001 
Body Information Quantity and Units 
Weight 211.5 kg 
Pelvic Height 0.12 rn 
Pelvic Width 0.26 m 
Pelvic Depth unknown 
Femur Length - Right 0.39 rn 
Femur Length - Left 0.39m 
Pelvic Obliquity 6' higher on right 
Pelvic Tilt 19" backwards 
Pelvic Rotation 10 ' forward on left 
Trunk Lateral Shift 12' across to right 
Trunk Inclination 8" back 
Hip Flexion - Right 9" extension 
Hip Flexion - Left 9" extension 
Hip Abduction - Right 2' adduction 
Hip Abduction - Left V abduction 
Total Average Force - Right 4.49 N 
Total Average Force - Left 66.84 N 
Total Average Force - Combined 35.66 N 
Average Pressure Sacral Pad 2983 Pa 
Average Force Sacral Pad 1.25 N 
Table AIOA: Anthropometric data for participant 5001 
Coronal Plane (Anterior View) 
Right Left 
mg 
12' 
d=0.26m 
F=4.4 
Figure AIO. 1: Free body diagram - representation of the body of participant 5001, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
A10.1 
Coronal Plane 
Momentpo = (Forcekb)(Distance) - mg(HAT)(di stance) 
Mopo = (4.49)(0.26sin6') - (211.5)(0.678)(9.81)(0.13cos6') 
Mopo = 23.53 Nm tendency to decrease pelvic obliquity. 
Sagittal View (Right Lateral Side) 
F=35.66N 
F=1.25N 
in 
d=0.12m 
Figure AIO. 2: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5001, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis = (Forcesp) (distance) + (Forcekb)(distance) ±m g(HAT) (distance) 
Mo = (1.25)(0.12) + (35.66)(0.12) - (211.5)(0.678)(9.81)(0.12tanl9') 
Mo = 3.13 Nm, tendency to increase backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip 7- (Force, p) (distance) + (Forcekb)(distance) ±m g(HAT) (distanceFemur)(0.433) 
So: Mo = (1.25)(0.12) + (35.66)(0.12) - (211.5)(0.1)(9.81)(0.39)(0.433) 
Mo = 0.12 Nm tendency to extend the hip. 
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Figure A 10.3: Free body diagram of horizontal view - that is view from above of participant 
5001, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
A10.2 
Pelvic Rotation 
Momenthip =(Forcel, ft) (distance) + (Force, p) (distance) - (Forceright)(distance) 
Moment = (66.84)(0.26coslO') + (1-25)(0.26coslOO) - (4.49)(0.26coslO') 
Mo = 16.28 Nm tendency to correct pelvic rotation 
Right Hip 
MomentRHIP: 
-': (ForceKB)(Distance) - (Forcesp)(Distance) ± (Force, p) (distance) 
Mo = (4.49)(0-39sin2o) + (1.25)(0.26) 
Mo = 0.39 Nm tendency to adduct right hip 
Left Hip 
MomentLHIP : --- (ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (66.84)(0.39sin I') - (1.25)(0) 
Mo =0.45 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5002 
Body Information Quantity and Units 
Weight 22.6 kg 
Pelvic Height 0.11 m 
Pelvic Width 0.26 m 
Femur Length - Right 0.39 m 
Femur Length - Left 0.39 m 
Pelvic Obliquity 10' higher on left 
Pelvic Tilt 18' backwards 
Pelvic Rotation 10' forward on left 
Trunk Lateral Shift 00 
Trunk Inclination 8' across to right 
Hip Flexion - Right 20' extension 
Hip Flexion - Left 7' extension 
Hip Abduction - Right 80 abduction 
Hip Abduction - Left 12' abduction 
Total Average Force - Right 50.63N 
Total Average Force - Left 69.42N 
Total Average Force - Combined 60.03N 
Average Pressure Sacral Pad 2502.83 Pa 
Average Force Sacral Pad 0.85N 
Table A10.2: Information required for theoretical analysis of biomechanics in the sacral pad and 
kneeblock system for participant number 5002 
A10.3 
Coronal Plane (Anterior View) 
Figure A10.4: Free body diagram - representation of the body of participant 5002, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Momentpo = (Forcekb)(Distance) + mg(HAT) (distance) 
Mopo = (69.42)(0.26sin 10') + (22.60)(0.678)(9.81)(0.13cos 10') 
Mopo = 22.37 Nm tendency to increase pelvic obliquity. 
Sagittal View (Right Lateral Side) 
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Figure A10.5: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5002, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis= (Force, p) (distance) + (Forcekb)(distance) ±m g(HAT) 
(distance) 
Moment = (60.03)(0-11) + (0.85)(0.11) - (22.6)(0.678)(9.8 1)(0.11 tan 18') 
Mo = 6.60 + 0.09 - 5.37 
Mo = 1.32 Nm tendency to push pelvis in a clockwise direction. 
A 10.4 
Hip FlexionlExtension 
Momenthip -,,: (Force, p) (distance) + (Forcekb)(distance) ±m g(HAT) (distanceFernur)(0.466) 
Mo = (60.03)(0.11) + (0.85)(0.11) - (22.60)(0.1)(9.81)(0.39)(0.433) 
Mo = 2.95 Nm tendency to flex the hip. 
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Figure AIO. 6: Free body diagram of horizontal view - that is view from above of participant 
5002, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity -eli mi nated position. 
Pelvic Rotation 
Momenthip: 
': (Foreeleft)(distance) + (Force, p) (distance) - (Force, ight)(distance) 
Moment = (69.42)(0.26cos 10') + (0.85)(0.26cos 10') - (50.63)(0.26cos 10') 
Mo = 111.77 + 0.22 - 12.96 
Mo = 5.03 Nm tendency to rotate the pelvis anti-clockwise. 
Right Hip 
MomentRHIP : -- (ForceKB)(Distance) - (Forcesp) (Distance) ± (Force, p) (distance) 
Moment = (50.63)(0.35sin8o) - (0.85)(0) 
Mo = 2.47 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP= (ForceKB)(Distance) - (Forcesp) (Distance) 
Mo = (2.03)(0.26) - (23.89)(0.35sin23) 
Mo =2.74 Nm tendency to abduct left hip 
A 10.5 
Biomechanical Analysis - Participant 5003 
Body Information Quantity and Units 
Weight 28.6 kg 
Pelvic Height 0.11 m 
Pelvic Width 0.27 m 
Pelvic Depth unknown 
Femur Length - Right 0.49 m 
Femur Length - Left 0.49m 
Pelvic Obliquity 8 higher on right 
Pelvic Tilt 10" backwards 
Pelvic Rotation 21 forward on left 
Trunk Lateral Shift 00 
Trunk Inclination IV back 
Hip Flexion - Right 00 
Hip Flexion - Left 2' extension 
Hip Abduction - Right 9'abduction 
Hip Abduction - Left IV adduction 
Total Average Force - Right 21.15 N 
Total Average Force - Left 51.98 N 
Total Average Force - Combined 36.56 N 
Average Pressure Sacral Pad 2844 Pa 
Average Force Sacral Pad 0.97 N 
Table A10.3: Anthropometric data for participant 5003 
Coronal Plane (Anterior View) 
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Figure A 10.7: Free body diagram - representation of the body of participant 5003, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) ±m g(HAT) (distance) 
Mopo = (21.15)(0.26sin8') ± (28.6)(0.678)(9.8 1)(0) 
Mopo = 0.76 Nm tendency to increase pelvic obliquity. 
A10.6 
Sagittal View (Right Lateral Side) 
Figure AIO. 8: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5003, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis =(Forcesp)(distance) + (Forcekb)(distance) ±m g(HAT) (distance) 
Mo = (0.97)(0.11) + (36.56)(0.11) - (28.6)(0.678)(9.8 1)(0.11 tan 10') 
Mo = 0.44 Nm, tendency to decrease backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip ý-- (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT) (distanceFemur)(0.433) 
Mo = (0.97)(0.11) + (36.56)(0.11) - (28.6)(0.1)(9.81)(0.49)(0.433) 
Mo = 1.82 Nm tendency to extend the hip. 
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Figure A 10.9: Free body diagram of horizontal view - that is view from above of participant 
5003, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip *: (Forceright)(distance) + 
(Force, p) (distance) - (Forcel, ft) (distance) 
Mo = (21.15)(0.27cos2 I') + (0.97)(0.27cos2 V) - (51.98)(0.27cos2 I') 
Mo = 11.53 Nm tendency to correct pelvic rotation 
A10.7 
Right Hip 
MomentRHIP ý-- (ForceKB)(Distance) - (Forcesp)(Distance) ± (Force, p) (distance) 
Mo = (21.15)(0.49sin9') - (0.97)(0) 
Mo = 1.62 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP (ForceKB)(Distance) - (Forcesp) (Distance) 
Mo = (51.98)(0.49sin I V) + (0.97)(0.27) 
Mo = 5.12Nm tendency to adduct left hip 
Biomechanical Analysis - Participant 5008 
Body Information Quantity and Units 
Weight 57 kg 
Pelvic Height 0.14 rn 
Pelvic Width 0.44 rn 
Femur Length - Right 0.49 rn 
Femur Length - Left 0.47 rn 
Pelvic Obliquity 90 higher on left 
Pelvic Tilt 21' backwards 
Pelvic Rotation 17' forward on left 
Trunk Lateral Shift 16' across to right 
Trunk Inclination 35' forwards 
Hip Flexion - Right 26' extension 
Hip Flexion - Left 260 extension 
Hip Abduction - Right 14' abduction 
Hip Abduction - Left 200 abduction 
Total Average Force - Right 42.21 N 
Total Average Force - Left 49.68N 
Total Average Force - Combined 45.54N 
Average Pressure Sacral. Pad 4830.16 Pa 
Average Force Sacral Pad 1.52 N 
Table A10.4: Information required for theoretical analysis of biomechanics in the sacral pad and 
kneeblock system for participant number 5008. 
A10.8 
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Figure A10.10: Free body diagram - representation of the body of participant 5008, 
showing the head, neck joint, centre of mass, and a compressed representation of the pelvis, 
showing sacro-iliac joint, and the two ASIS's, with a line joining them. 
Momentpo = (Forcekb)(distance) + mg (HAT)(distance) 
Mo = (49.68)(0-44sin9') + (57)(0.678)(9.81)(0.22cos9') 
Mo = 85.80 Nmtendency to increase pelvic obliquity. 
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Figure A10.11: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5008, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis =(Force, p) (distance) + (Forcekb)(distance) ± Mg(HAT) (distance) 
Mo = (45.54)(0.14) + (1.52)(0.14) + (57)(0.678)(9.81)(0.14tan2l') 
Mo = 26.96 Nm tendency to push pelvis in a clockwise direction. 
Hip FlexionlExtension 
Momenthip = (Force, p) (distance) + (Forcekb)(distance) ± mg(HAT) (distanceFeinur)(0.433) 
So: Mo = (45.54)(0.14) + (1.52)(0.14) - (57)(0.1)(9.81)(0.49)(0.433) 
Mo = 5.27 Nm tendency to extend the hip. 
A10.9 
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Figure A10.12: Free body diagram of horizontal view - that is view from above for participant 
5008, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip'"'ý (Forceright)(distance) - (Foreel, ft) (distance) - (Force, p) (distance) 
Mo = (42.21)(0.44cos 10') - (0 1.52)(0.44cos 10') - (49.68)(0.44cos 10') 
Mo = 4.66 - 0.17 - 4.07 
Mo = 3.90 Nm tendency to rotate the pelvis clockwise. 
Right Hip 
MomentRHIP -ý (ForceKB)(Distance) - (Forcesp) (Distance) 
Mo = (42.21)(0.49sin 14') + (1.52)(0) 
Mo = 4.49 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP= (ForceKB)(Distance) + (Forcesp) (Distance) 
Mo = (1.52)(0.28) - (49.68)(0.47sin2Oo) 
Mo = 11.99 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5009 
Body Information Quantity and Units 
Weight 111.5 kg 4-- 
Pelvic Height 0.12 m 
Pelvic Width 0.23 m 
Pelvic Depth unknown 
Femur Length - Right t-- 
0.36 m 
Femur Len-th - Left 
0.33m 
A10.10 
Pelvic Obliquity 10" higher on right 
Pelvic Tilt 21' backwards 
Pelvic Rotation 24 forward on left 
Trunk Lateral Shift 10' to the left 
Trunk Inclination 12" back 
Hip Flexion - Right 4' extensioin 
Hip Flexion - Left 50 extension 
Hip Abduction - Right 5' abduction 
Hip Abduction - Left 7' abduction 
Total Average Force - Right 16.79 N 
Total Average Force - Left 39.52N 
Total Average Force - Combined 28.15N 
Average Pressure Sacral Pad 3766 Pa 
Average Force Sacral Pad 1.18 N 
Table A10.5: Anthropometric data for participant 5009 
Coronal Plane (Anterior View) 
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Figure A10.13: Free body diagram - representation of the body of participant 5009, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) +m g(HAT) (distance) 
Mopo = (1 6.79)(0.23sin 10') + (11 1.5)(0.678)(9.81)(0.12cos 10') 
Mopo = 14.43 Nm tendency to increase pelvic obliquity. 
A 10.11 
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Figure A 10.14: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5009, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis =(Force, p) (distance) + (Forcekb)(distance) ±m g(HAT) (distance) 
Mo = (1.18)(0.12) + (28.15)(0.12) - (111.5)(0.678)(9.81)(0.12tan2 V) 
Mo = 1.84 Nm, tendency to increase backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip"": (Force, p) (distance) + (Forcekb)(distance) ± mg(HAT) (distanceFemur)(0.433) 
Mo = (1.18)(0.12) + (28.15)(0.12) - (111.5)(0.1)(9.81)(0.36)(0.433) 
Mo = 0.84 Nm tendency to flex the hiP. 
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Figure A10.15: Free body diagram of horizontal view - that is view from above of participant 
5009, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip -"ý (Forceleft)(distance) + 
(Force, p) (distance) - (Forceright)(distance) 
Mo = (39.53)(0.23cos240) + (1-18)(0.23cos240) - (16-79)(0.23cos24') 
Mo = 5.02 Nm tendency to correct pelvic rotation 
A 10.12 
Right Hip 
MomentRHIP --'ý (ForceKB) (Distance) - (Forcesp)(Distance) ± (Force, p) (distance) 
Mo = (16.79)(0.36sin5') - (1.18)(0) 
Mo = 0.53 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP --': (ForceKB) (Distance) - (Forcesp)(Distance) 
Mo = (39.52)(0.33sin7') - (1.18)(0) 
Mo = 1.90 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5013 
Body Information Quantity and Units 
Weight 16.3 kg 
Pelvic Height 0.14 rn 
Pelvic Width 0.20 rn 
Pelvic Depth unknown 
Femur Length - Right 0.40 rn 
Femur Length - Left 0.40 rn 
Pelvic Obliquity 15 ' higher on right 
Pelvic Tilt 220 backwards 
Pelvic Rotation 12' forward on left 
Trunk Lateral Shift 60 to the left 
Trunk Inclination 120 back 
Hip Flexion - Right 100 extensioin 
Hip Flexion - Left 10' extension 
Hip Abduction - Right 12' abduction 
Hip Abduction - Left IV abduction 
Total Average Force - Right 33.26 N 
Total Average Force - Left 511.46 N 
Total Average Force - Combined 45.36 N 
Average Pressure Sacral Pad 4433 Pa 
Average Force Sacral Pad 1.39 N 
Table A10.6: Anthropometric data for participant 5013 
A10.13 
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kgram - representation of the body of participant 5013, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT)(distance) 
Mopo = (33.26)(0.2sinl5') + (16.3)(0.678)(9.81)(O. Icosl5o) 
Mopo = 8.75 Nm tendency to increase pelvic obliquity. 
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Figure A10.17: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5013, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis = (Force, p)(distance) + (Forcekb)(distance) ± mg(IIAT)(distance) 
Mo = (1.39)(0.14) + (45.36)(0.14) - (16.3)(0.678)(9.81)(0.14tan22) 
Mo = 1.28Nm, tendency to decrease backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip: '- (Force, p)(distance) + (Forcekb)(distance) ± mg(IIAT)(distanceF,.., )(0-433) 
Mo = (1.39)(0.14) + (45.36)(0.14) - (16.3)(0.1)(9.81)(0.4)(0.433) 
Mo = 3.78 Nm tendency to flex the hip. 
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Figure A10.18: Free body diagram of horizontal view - that is view from above of participant 
5013, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip ": (Forcel, ft)(distance) + (Forcesp)(distance) - (Forceright)(distance) 
Mo = (511.46)(0.20cosl2') + (1.39)(0.20cosl2o) - (33.26)(0.20cosl2') 
Mo = 5.0 Nm tendency to correct pelvic rotation 
Right Hip 
MomentRHIP :: (ForceKB)(Distance) - (Forcesp)(Distance) ± (Force, p)(distance) 
Mo = (33.26)(0.40sin 12) - (1.39)(0) 
Mo = 2.77 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP -ý (ForCeKB)(Distance) - (Forcesp) (Distance) 
Mo = (511.46)(0.40sin I I*) - (1 . 39)(0) 
Mo = 4.39 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5014 
Body Information Quantity and Units 
Weight 22.90 kg 
Pelvic Height 0.14 m 
Pelvic Width 0.25 m 
Femur Length - Right 0.44 m 
Femur Length - Left 0.43 m 
Pelvic Obliquity IV higher on right 
Pelvic Tilt 15' backwards 
Pelvic Rotation 20' forward on right 
Trunk Lateral Shift 2' across to right 
Trunk Inclination 15' forwards 
Hip Flexion - Right 15'extension 
Hip Flexion - Left 260 extension 
Hip Abduction - Right 12'abduction 
Hip Abduction - Left 9'abduction 
A10.15 
Total Average Force - Right 
Total Average Form - LO 
5.59N 
Total Average Force - Combined 
16.28 N 
Average Pressure Sacral Pad 1980.39 Pa 
Average Force SwW P; kJ 0.06 N 
-r. -, alble A10.7: Information required for theoretical analysis of biomechanics in the sacral pad and 
knetblock system for participant number 5014. 
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]Erigure A10.19: Free body diagram - representation of the body of participant 5014, showing the 
]head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
Alomentpo = (Forc4b)(Distance) - 1% fg(HAT) (distance) 
Mo = (26.96)(0.25sin I I) + (22.9)(0.678)(9.81)(0.125cos 110) 
Mo = 111.40 Nm tendency to decrease pelvic obliquity. 
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]F-igure A10.20: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
, alrticipant 5014, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Till 
Momentpelvis -"-: (Force, p)(distance) + (Forcekb)(distance) ± Afg(HAT)(distance) 
Mo (16.28)(0.13) + (0.06)(0.13) - (22.9)(0.678)(9.81)(0.13 tan l5*) 
Mo 3.18 Nm tendency to push pelvis in an anti-clockwise direction. 
A10.16 
Hip FlexionlExtension 
Momenthip = (Force, p)(distance) + (Forcekb)(distance) ± 
Mg(HAT) (distanceF,.,,,, )(0.433) 
Mo = (16.28)(0.13) + (0.06)(0.13) - (22.9)(0.1)(9.81)(0.44)(0.433) 
Mo = 2.15 Nm tendency to extend the hip. 
Horizontal Plane 
Figure A10.21: Free body diagram of horizontal view - that is view from above of participant 
5014, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip ý- (ForcerighO(distance) + (Force., p)(distance) - (Forcej, ýrt)(distance) 
Mo = (26.96)(0.25cos2O') + (0.06)( 0.25cos200) - (5.59)( 0.25cos2O') 
Mo = 5.03 Nm tendency to rotate the pelvis clockwise. 
Right Hip 
MomentRHIP ý (ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (26.96)(0.44sin 12() + (0.06)(0) 
Mo = 2.47 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP= (ForceKB)(Distance) + (Forcesp)(Distance) 
Mo = (5.59)(0.43sin9) - (0.06)(0) 
Mo = 0.38 Nm tt abduct left hip 
Biomechanical. Analysis - Participant 5015 
Body Information Quantity and Units 
Weight 23.2 kg 
Pelvic Height 0.11 m 
Pelvic Width 0.20m 
Pelvic Depth unknown 
Femur Length - Right 0.44 m 
A10.17 
Femur Length - Left 0.44 m 
Pelvic Obliquity 100 higher on right 
Pelvic Tilt 220 backwards 
Pelvic Rotation 240 forward on right 
Trunk Lateral Shift 6' to the left 
Trunk Inclination 15' back 
Hip Flexion - Right 15'extensioin 
Hip Flexion - Left 14' extension 
Hip Abduction - Right 70 adduction 
Hip Abduction - Uft 110 abduction 
Total Average Force - Right 69.68 N 
Total Average Force - Left 16.45 N 
Total Average Force - Combined 43.66 N 
Average Pressure Sacral Pad 5343 Pa 
Average Force Sacral Pad 1.68 N 
Table AIO. 8: Anthropometric data for participant 5015 
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Figure A10.22: Free body diagram - representation of the body of participant 5015, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT)(distance) 
Mopo = (69.68)(0.2sin 10) + (23.2)(0.678)(9.8 1)(0.1 cos 100) 
Mopo = 111.62 Nm tendency to increase pelvic obliquity. 
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Figure A10.23: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5015, showing force at sacral pad, total average force of both kneeblocks at the knee, 
th3distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentp. l. l. ý (Forcep)(distance) + (Forcekb)(distance) ± mg(HAT)(distance) 
Mo = (1.68)(0.11) + (43.66)(0.14) - (23.2)(0.678)(9.8 1)(0.11 tan22*) 
Mo = 1.88Nm, tendency to increase backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip = (Force., p)(distance) + (Forcekb)(distance) ± mg(HAT)(distanceF,.,,,, )(0.433) 
Mo = (1.68)(0.11) + (43.66)(0.11) - (23.2)(0.1)(9.81)(0.44)(0.433) 
Mo = 0.64 Nm tendency to flex the hip. 
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Figure A10.24: Free body diagram of horizontal view - that is view from above of participant 
5015, showing force at sacral pad, total average force of both kneeblocks; at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip = (Forceright)(distance) + (Forcesp)(distance) - (Forcelfl)(distance) 
Mo = (69.68)(0.20cos24) + (1.68)(0.20cos24') - (16.45)(0.20cos24*) 
Mo = 9.78 Nm tendency to correct pelvic rotation 
A10.19 
Right Hip 
MomentRH, p = (ForceKB) (Distance) - (Forcesp)(Distance) ± (Force,, p)(distance) 
Mo = (69.68)(0.44sin7) + (1.68)(0.20) 
Mo = 4.01 Nm tendency to adduct right hip 
Left Hip 
MomentLHIP -'ý (ForceKB) (Distance) - (Forcesp)(Distance) 
Mo = (16.45)(0.44sinl V) - (1.39)(0) 
Mo = 4.11 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5016 
Body Information Quantity and Units 
Weight 25.0 kg 
Pelvic Height 0.12m 
Pelvic Width 0.22m 
Pelvic Depth unknown 
Femur Length - Right 0.36 m 
Femur Length - Left 0.36 rn 
Pelvic Obliquity 60 higher on right 
Pelvic Tilt 140 backwards 
Pelvic Rotation 10' forward on right 
Trunk Lateral Shift 19' to the right 
Trunk Inclination 15' back 
Hip Flexion - Right 4' extension 
Hip Flexion - Left 16' extension 
Hip Abduction - Right 14' adduction 
Hip Abduction - Left 12' abduction 
Total Average Force - Right 11.96 N 
Total Average Force - Left 3.33 N 
Total Average Force - Combined 11.65 N 
Average Pressure Sacral Pad 3969 Pa 
Average Force Sacral Pad 1.24 N 
Table A10.9: Anthropometric data for participant 5016 
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Figure A10.25: Free body diagram - representation of the body of participant 5016, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(IIAT)(distance) 
Mopo = (I 1.96)(0.22sin6*) + (25)(0.678)(9.8 1)(0-11 cos6') 
Mopo=111.9lNm tendency to decrease pelvic obliquity. 
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Figure A10.26: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5016, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis =(Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distance) 
Mo = (1.24)(0.12) + (11.65)(0.12) - (25)(0.678)(9.81)(0.12tanl4o) 
Mo = 3.91 Nm, tendency to increase backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip ,4 (Force, p)(distance) + (Forcekb) (distance) ± mg(HAT)(distanceF,.,, r)(0.433) 
Mo = (1-24)(0.12) + (11.65)(0.12) - (25)(0.1)(9.81)(0.36)(0.433) 
Mo = 2.75 Nm tendency to extend the hip. 
A10.21 
Horizontal Plane 
Figure A10.27: Free body diagram of horizontal view - that is view from above of participant 
5016, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip ý (Forceright)(distance) + (Force, p)(distance) - (Forcelft)(distance) 
Mo = (I 1.96)(0.22coslO') + (1.24)(0.22coslOO) - (3.33)(0.22coslO') 
Mo = 2.14 Nm tendency to correct pelvic rotation 
Right Hip 
MomentRH, p = (ForceKB) (Distance) - (Forcesp)(Distance) ± (Forcep) (distance) 
Mo = (I 1.96)(0.36sinl4') + (1.24)(0) 
Mo = 1.04 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP ý (ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (3.33)(0.36sinl2o) + (1.24)(0.22) 
Mo = 0.52 Nm tendency to adduct left hip 
Biomechanical Analysis - Participant 5019 
Body Information Quantity and Units 
Weight 43 kg 
Pelvic Height 0.12 m 
Pelvic Width 0.37 m 
Femur Length - Right 0.48 m 
Femur Length - Left 0.48 m 
Pelvic Obliquity 100 higher on right 
Pelvic Tilt 15' backwards 
Pelvic Rotation 10' forward on left 
Trunk Lateral Shift 9' across to right 
Trunk Inclination 18' backwards 
Right 12' extension 
A10.22 
Hip Flexion - Left IV extension 
Hip Abduction - Right 4' abduction 
Hip Abduction - Left 9'adduction 
Total Average Force - Right 31.32 N 
Total Average Force - Left 13.10 N 
Total Average Force - Combined 22.21 N 
Average Pressure Sacral Pad 2040.40 Pa. 
Average Force Sacral Pad 0.64 N 
Table A10.10: Information required for theoretical analysis of biomechanics in the sacral pad 
and kneeblock system for participant number 5019. 
Coronal Plane (Anterior View) 
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Figure A10.28: Free body diagram - representation of the body of participant 5019, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
Momentpo = (Forcekb)(Distance) - Mg(HAT)(distance) 
Mo = (31.32)(0.37sin9') - (43)(0.678)(9.81)(0.185cos9') 
Mo = 50.04 Nm tendency to decrease pelvic obliquity. 
Sagittal View (Right Lateral Side) 
F--0.64N 
d--0.12m F=22.21N 
Figure A10.29: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5019, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
A10.23 
Pelvic Tilt 
Momentpelvis = (Force, p)(distance) + (Forcekb)(distance) ± 
Mg(HAT) (distance) 
Mo = (22.21)(0-12) + (0.64)(0.12) - (43)(0.678)(9.81)(0.12=150) 
Mo = 6.45 Nm tendency to push pelvis in an anti-clockwise direction. 
Hip FlexionlExtension 
Momenthip.., "- (Forcep)(distance) + (Forcekb)(distance) ± Mg(HAT)(distanceF... r)(0.433) 
Mo = (22.21)(0.12) + (0.64)(0.12) - (43)(0.1)(9.81)(0.48)(0.433) 
Mo = 56.69 Nm tt extend the hip. 
Horizontal Plane 
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Figure A10.30: Free body diagram of horizontal view - that is view from above of participant 
5019, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip = (Forceright)(distance) - (Forcel, ft) (distance) - (Force, p)(distance) 
Mo = (31.32)(0.37coslO') - (0.64)(0.37coslO') - (13.10)(0.37coslO') 
Mo = 6.87 Nm tendency to rotate the pelvis clockwise. 
Right Hip 
MomentRHIP = (ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (31.32)(0.48sin4 0)+ (0.06)(0) 
Mo = 1.05Nm tendency to abduct right hip 
Left Hip 
MomentLHIP ý (ForceKB)(Distance) + (Forcesp)(Distance) 
Mo = (13.10)(0-48sin9ý - (0.06)(0) 
Mo = 0.98 Nm tt abduct left hip 
Biomechanical Analysis - Participant 5020 
Body Information Quantity and Units 
Weight 28.0 kg 
Pelvic Height 0.13m 
Pelvic Width 0.28m 
A10.24 
Pelvic Depth unknown 
Femur Length - Right 0.43 m 
Femur Length - Left 0.42 m 
Pelvic Obliquity 17' higher on right 
Pelvic Tilt 14' backwards 
Pelvic Rotation 150 forward on right 
Trunk Lateral Shift 5' to the left 
Trunk Inclination 19' back 
Hip Flexion - Right 6' extension 
Hip Flexion - Left 19' extension 
Hip Abduction - Right 9' abduction 
Hip Abduction - Left 100 abduction 
Total Average Force - Right 39.26 N 
Total Average Force - Left 111.42 N 
Total Average Force - Combined 28.34 N 
Average Pressure Sacral Pad 5972 Pa 
Average Force Sacral Pad 1.88 N 
Table A10.11: Anthropometric data for participant 5020 
Coronal Plane (Anterior View) 
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Figure A10.31: Free body diagram - representation of the body of participant 5020, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT)(distance) 
Mopo: -- (39.26)(0.28sinl7o) + (28)(0.678)(9.81)(0.14cosl7*) 
Mopo = 28.14 Nm tendency to increase pelvic obliquity. 
A10.25 
Sagittal View (Right Lateral Side) 
Figure A10.32: Free body diagi 
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ram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5020, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis = (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT) 
(distance) 
Mo = (1.88)(0.13) + (28.34)(0.13) - (28)(0.678)(9-81)(0.13tanl4') 
Mo = 2.12 Nm, tendency to increase backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip = (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distanCeFemur)(0.433) 
Mo = (1.88)(0.13) + (28.34)(0.13) - (28)(0.1)(9.81)(0.43)(0.433) 
Horizontal 
Mo = 0.84 Nm tendency to extend the hip. 
Plane 
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FigureA10.33: Free body diagram of horizontal view - that is view from above of participant 
5020, showing force at sacral pad, total average force of both kneeblocks; at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip = (Forceright)(distance) + (Forcep)(distance) - (Forcelft) (distance) 
Mo = (39.26)(0.28cosl5') + (1.88)(0.28cosl5') -011.42)(0.28cosl5') 
Mo = 6.42 Nm tendency to correct pelvic rotation 
A10.26 
Right Hip 
MomentRH, p = (ForceKB)(Distance) - (Forcesp) (Distance) ± (Force, p)(distance) 
Mo = (39.26)(0.43sin9) + (1.88)(0) 
Mo = 2.64 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP --: (ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (I I 1.42)(0.43sin9) + (1.88)(0) 
Mo = 0.42 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5021 
Body Information Quantity and Units 
Weight 11 kg 
Pelvic Height 0.10m 
Pelvic Width 0.17 m 
Pelvic Depth unknown 
Femur Length - Right 0.25 in 
Femur Length - Left 0.25 in 
Pelvic Obliquity 100 higher on left 
Pelvic Tilt 16' backwards 
Pelvic Rotation 12' forward on left 
Trunk Lateral Shift 7' to the right 
Trunk Inclination 17' back 
Hip Flexion - Right 10'extension 
Hip Flexion - Left 18' extension 
Hip Abduction - Right 10" adduction 
Hip Abduction - Left 120 abduction 
Total Average Force - Right 1.53 N 
Total Average Force - Left 0.93 N 
Total Average Force - Combined 1.24 N 
Average Pressure Sacral Pad 329lPa 
Average Force Sacral Pad 1.03 N 
Table A10.12: Anthropometric data for participant 5021 
A10.27 
Coronal Plane (Anterior View) 
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IFigure A10.34: Free body diagram - representation of the body of participant 5021, showing the 
ihead, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT)(distance) 
Mopo = (0.93)(0.17sinlO') + (I 1)(0.678)(9.81)(0.09coslOO) 
Mopo = 6.15 Nm tendency to increase pelvic obliquity. 
Sagittal View (Right Lateral Side) 
F=1.03 N 
d--0.10m F=1.24N 
]F-igure A10.35: Free body diagram of sagittal view (equivalent to right lateFal view on SPCM) of 
, participant 5021, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
pelvic Tilt 
Momentpelvis 
=(Force, p) (distance) + (Forcekb)(distance) ± mg(HAT)(distance) 
Mo = (1.03)(0.10) + (1.24)(0.10) - (11)(0.678)(9.8 1)(0.1 Otan 16*) 
Mo = 1.88 Nm, tendency to increase backwards pelvic tilt. 
llip FlexionlExtension 
N4omenthip= (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distanceFrm,,, )(0.433) 
Mo = (1.03)(0.10) + (1.24)(0.10) - (11)(0.1)(9.81)(0.25)(0.433) 
Mo = 0.95 Nm tendency to extend the hip. 
A10.28 
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Figure A10.36: Free body diagram of horizontal view - that is view from above of participant 
5021, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momentfjp= (Forcelft)(distance) + (Force., p)(distance) - (Force,, jghtt)(distance) 
Mo = (0.93)(0.25cos 130) + (1.03)(0.25cos 130) - (11)(0.25cos 130) 
Mo = 0.07 Nm tendency to correct pelvic rotation 
Right Hip 
MomentRHIP = (ForceKB)(Distance) - (Forcesp)(Distance) ± (Force,, p)(distance) 
Mo = (1.53)(0.25sinlO') + (1.88)(0-25) 
Mo = 0.54 Nm tendency to adduct right hip 
Left Hip 
MomentLHIP ý (ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (0.93)(0.25sinl2o) + (1.03)(0) 
Mo = 0.05 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5022 
Body Information Quantity and Units 
Weight 56 kg 
Pelvic Height 0.13 m 
Pelvic Width 0.38 m 
Pelvic Depth 0.17 in 
Femur Length - Right 0.49 m 
Femur Length - Left 0.49 m 
Pelvic Obliquity 9' higher on right 
Pelvic Tilt 14' backwards 
Pelvic Rotation IV forward on left 
Trunk Lateral Shift 8' to the right 
Trunk Inclination 9' forward 
Hip Flexion - Right IV extension 
Hip Flexion - Left 17' extension 
A10.29 
Hip Abduction - Right 8' abduction 
Hip Abduction - Left IV abduction 
Total Average Force - Right 28.28 N 
Total Average Force - Left 53.18 N 
Total Average Force - Combined 40.73 N 
Average Pressure Sacral Pad 3919 Pa 
Average Force Sacral Pad 1.23 N 
TableA10.13: Anthropometric data for participant 5022 
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]Figure A10.37: Free body diagram - representation of the body of participant 5022, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT) (distance) 
Mopo = (28.28)(0.38sinV) - (56)(0.678)(9.81)(0.19cos9) 
Mopo = 68.20 Nm tendency to decrease pelvic obliquity. 
Sagittal View (Right Lateral Side) 
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IFigure A10.38: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5022 showing force at sacral pad, total average force of both kneeblocks at the knee, 
t1he distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
pelyk Tilt 
Momentpelvis = (Forcep)(distance) + (Forcekb)(distance) ± mg(HAT)(distance) 
Mo = (1.23)(0.13) + (40.73)(0-13) + (56)(0.678)(9.81)(0.14tanl4') 
Mo = 111.67 Nm, tendency to decrease backwards pelvic tilt. 
A10.30 
Hip FlexionlExtension 
Momenthip = (Forcep)(distance) + (Foreekb) (distance) ± mg(HAT)(distanceFeinur)(0.433) 
Mo = (1.23)(0.13) + (40.73)(0.13) - (56)(0.1)(9.81)(0.49)(0-433) 
Mo = 6.12 Nm tendency to extend the hip. 
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Figure A10.39: Free body diagram of horizontal view - that is view from above of participant 
5022, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip= (Forcel, ft) (distance) + (Force, p) (distance) - (Forcerightt)(distance) 
Mo = (1.23)(0.38cosl 1ý + (53-18)(0.38cosl V) - (28.28)(0.38cosl 110) 
Mo = 9.75 Nm tendency to correct pelvic rotation 
Right Hip 
MomentRHIP ý (ForceKB)(Distance) - (Forcesp)(Distance) ± (Force., p) (distance) 
Mo = (28.28)(0.49sin8o) + (1.23)(0) 
Mo = 1.93 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP= (ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (53.18)(0.49sin 110) + (1.23)(0) 
Mo = 4.97 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5023 
Body Inforination Quantity and Units 
Weight 34.6 kg 
Pelvic Height 0.17 m 
Pelvic Width 0.30 m 
Pelvic Depth unknown 
Femur Length - Right 0.49 rn 
Femur Length - Left 0.49 rn 
Pelvic Obliquity 18' higher on left 
Pelvic Tilt 19' backwards 
A10.31 
Pelvic Rotation 200 forw d on left 200 forw 
Trunk Lateral Shift 16' to the right 
Trunk Inclination 12' back 
Hip Flexion - Right 8' extension 
Hip Flexion - Left 12' extension 
Hip Abduction - Right 5' adduction 
Hip Abduction - Left 8' abduction 
Total Average Force - Right 6.39 N 
Total Average Force - Left 51.06 N 
Total Average Force - Combined 28.72 N 
Average Pressure Sacral Pad 4866 Pa 
Average Force Sacral Pad 1.53 N 
Table A10.14: Anthropometric data for participant 5023 
Coronal Plane (Antenor 
Figure A10.40: Free body diagram - representation of the body of participant 
5023ý showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacrO, 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcckb)(Distance) + mg(HAT)(distance) 
Mopo = (51.06)(0.30sin2O') + (34.6)(0.678)(9-81)(0-15cos2O') 
Mom = 311.68 Nm tendency to increase pelvic obliquity. 
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dy diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5023, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
A10.32 
Pelvic Tilt 
Momentpelvis = (Forcep) (distance) + (Forcekb)(distance) ± mg(HAT) (distance) 
Mo = (1.53)(0.17) + (28.72)(0.17) - (34.6)(0.678)(9.81)(0.17tanl9*) 
Mo = 8.33 Nm tendency to increase backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip =(Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distanceF,.,, r)(OA33) 
Mo = (1.53)(0.17) + (28.72)(0.17) - (34.6)(0.1)(9.81)(0.49)(0.433) 
Mo = 2.06 Nm tendency to extend the hip. 
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Figure A10.42: Free body diagram of horizontal view - that is view from above of participant 
5023, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip= (Forceiright) (distance) + (Force, p)(distance) - (Forcelft) (distance) 
Mo = (51.06)(0.30cos2Oo) + (1.53)(0.30cos200) - (6.39)(0.3cos200) 
Mo = 6.42 Nm tendency to correct pelvic rotation 
Right Hip 
MomentRHIP ý (ForceKB)(Distance) - (Forcesp)(Distance) ± (Force., p)(distance) 
Mo = (6.30)(0.49sin5') - (1.53)(0.3) 
Mo = 0.73 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP -"ý (ForeeKB)(Distance) - (Forcesp)(Distance) 
Mo = (51.06)(0.49sin8o) + (1.53)(0) 
Mo = 3.48Nm tendency to abduct left hip 
A10.33 
Biomechanical Analysis - Participant 5024 
Body Information Quantity and Units 
Weight 18 kg 
Pelvic Height 0.15 m 
Pelvic Width 0.22 m 
Pelvic Depth 0.12 rn 
Femur Length - Right 0.40 rn 
Femur Length - Left 0.39 m 
Pelvic Obliquity 50 higher on right 
Pelvic Tilt 4' backwards 
Pelvic Rotation 160 forward on left 
Trunk Lateral Shift 27" to týe right 
Trunk Inclination 40 back 
Hip Flexion - Right I'flexion 
Hip Flexion - Left 90 extension 
Hip Abduction - Right 60 abduction 
Hip Abduction - Left 50 adduction 
Total Average Force - Right 16.14 N 
Total Average Force - Left 23.17 N 
Total Average Force - Combined 19.65 N 
Average Pressure Sacral Pad 4119 Pa 
Average Force Sacral Pad 1.29N 
Table A10.15: Anthropometric data for participant 5024 
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Figure A1OA3- Free body diagram - representation of the body of participant 5024 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT)(distance) 
Mopo = (I 6.14sin5') + (18)(0.678)(9.8 1)(0.11 cos5') 
Mopo = 12.81 Nm tendency to decrease pelvic obliquity. 
A10.34 
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Figure A10.44: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5024, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentp. l. l. = (Force., p) (distance) + (Forcekb)(distance) ± mg(HAT)(distance) 
Mo = (1.29)(0.15) + (19.65)(0.15) - (18)(0.678)(9.81)(0.15tan4*) 
Mo = 1.88 Nm tendency to decrease backwards pelvic tilt. 
Hip FlexionlExtension 
MOMenthip= (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distanCeFemuir)(OA33) 
Mo = (1.29)(0.15) + (19.65)(0.15) - (18)(0.1)(9.81)(0.49)(0.433) 
Mo = 0.08 Nm tendency to extend the hip. 
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Figure A10.45: Free body diagram of horizontal view - that is view from above of participant 
5024, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip = (Forcel, ft)(distance) + (Force, p)(distance) - (Forceighi)(distance) 
Mo = (23.17)(0.22cos 160) + (1.29)(0.22cos 16') - (I 6.14)(0.22cos 16) 
Mo = 1.76 Nm tendency to correct pelvic rotation 
A10.35 
Right Hip 
MomentRH, p = (ForceKB)(Distance) - (Forcesp)(Distance) ± (Force., p) (distance) 
Mo = (16.14)(0.40sin6) - (1.29)(0) 
Mo = 0.67 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP'ý (ForceKB)(Distance) - (Forcesp) (Distance) 
Mo = (23.17)(0.39sin5) + (1.29)(0.22) 
Mo = 1.07 Nm tendency to adduct left hip 
Biomechanical Analysis - Participant 5026 
Body Information Quantity and Units 
Weight 22.6 kg 
Pelvic Height 0.18 m 
Pelvic Width 0.24 m 
Pelvic Depth 6.14 m 
Femur Length - Right 0.35 m 
Femur Length - Left 0.35 m 
Pelvic Obliquity 8" higher on left 
Pelvic Tilt 120 backwards 
Pelvic Rotation 10' forward on left 
Trunk Lateral Shift 50 to the right 
Trunk Inclination 10' back 
Hip Flexion - Right 13'extension 
Hip Flexion - Lcft IV extension 
Hip Abduction - Right 13' abduction 
Hip Abduction - Left 4' adduction 
Total Average Force - Right 12.33 N 
Total Average Force - Left 40.03 N 
Total Average Force - Combined 26.18 N 
Average Pressure Sacral Pad 5171 Pa, 
Average Force Sacral Pad 1.62 N 
Table A10.16: Anthropometric data for participant 5026 
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Figure A10.46: Free body diagram - representation of the body of participant 5026 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT) (distance) 
Mopo = (40.03)(0.24sin8") + (22.6)(0.678)(9.81)(0.12cos8') 
Sagittal View (Right Lateral Side) 
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Figure A10.47: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5026, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis 
=(Forcesp) (distance) + (Forcekb)(distance) ± mg(HAT) (distance) 
Mo = (1.62)(0-18) + (26.18)(0.18) - (22.6)(0.678)(9.81)(0.18tanl2o) 
Mo = 0.75 Nm tendency to increase backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthlp'ý (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distanCeF,.. r)(0.433) 
Mo = (1.62)(0.18) + (26.18)(0.18) - (22.6)(0.1)(9.81)(0.49)(0.433) 
Mo = 4.66 Nm tendency to flex the hip. 
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Figure A10.48: Free body diagram of horizontal view - that is view from above of participant 
5026, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip= (Forcel, ft)(distance) + (Force, p)(distance) - (Forceight)(distance) 
Mo = (40.03)(0.24coslO') + (1.62)(0.24coslO') - (12.33)(0.24coslO') 
Mo = 6.93 Nm tendency to correct pelvic rotation 
Right Hip 
MomentRHIP'ý (ForceK]3)(Distance) - (Forcesp) (Distance) ± (Force, p)(distance) 
Mo = (12.33)(0.35sinl3') - (1.62)(0) 
Mo = 0.97 Nm tendency to abduct right hip 
Left Hip 
MOMentLHIP ý-'(ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (40.03)(0.35sin4') + (1.62)(0.24) 
Mo = 1.37 Nm tendency to adduct left hip 
Biomechanical Analysis - Participant 5027 
Body Information Quantity and Units 
Weight 20.25 kg 
Pelvic Height 0.15 m 
Pelvic Width 0.22 m 
Pelvic Depth 0.09 m 
Femur Length - Right 0.35 m 
Femur Length - Left 0.40 m 
Pelvic Obliquity IV higher on right 
Pelvic Tilt 15' backwards 
Pelvic Rotation 12' forward on right 
Trunk Lateral Shift 19' to the right 
Trunk Inclination 9' forwards 
Hip Flexion - Right 16'extension 
A10.38 
Hip Flexion - Left 22' extension 
Hip Abduction - Right 
12' abduction 
Hip Abduction - Left IV adduction 
Total Average Force - Right 81.21 N 
Total Average Force - Left 43.94 N 
Total Average Force - Combined 62.58 N 
Average Pressure Sacral Pad 6847 Pa 
Average Force Sacral Pad 2.15 N 
Table A10.17: Anthropometric data for participant 5027 
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Figure A10.49: Free body diagram - representation of the body of participant 5027 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT)(distance) 
Mopo = (81.21)(0.22sinl V) - (20.25)(0.678)(9.81)(0.1 Icosl I) 
Mopo = 11.13 Nm tendency to decrease pelvic obliquity. 
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Figure A10.50: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5027, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh 
A10.39 
Pelvic Tilt 
Momentpeivis= (Force., P)(distance) + (Forcekb)(distance) ± mg(HAT)(distance) 
Mo = (2.15)(0.15) + (62.58)(0.15) + (20.25)(0.67 8)(9.81)(0.15 tan 15') 
Mo = 15.12 Nm tendency to decrease backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip ý- (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distanceF,.., 
)(0.433) 
Mo = (2.15)(0.15) + (62.58)(0-15) - (20.25)(0.1)(9.81)(0.35)(0.433) 
Mo = 6.70 Nm tendency to flex the hip. 
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Figure A10.51: Free body diagram of horizontal view - that is view from above of participant 
5027, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip= (Forceigh, )(distance) + (Forcep)(distance) - (Forcel, fi)(distance) 
Mo = (62.58)(0.22cosl2') + (2.15)(0.22cosl2") - (43.94)(0.22cosl2') 
Mo = 4.47 Nm tendency to correct pelvic rotation 
Right Hip 
MOMWRHIP'ý (ForceK]3)(Distance) - (Forcesp) (Distance) ± (Forcep)(distance) 
Mo = (62.58)(0.35sinl2o) - (2.15)(0) 
Mo = 4.55 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP --: (ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (43.94)(0.40sin I I') - (2.15)(0) 
Mo = 2.15 Nm tendency to abduct left hip 
A10.40 
Biomechanical Analysis - Participant 5032 
Body Information Quantity and Units 
Weight 30.8 kg 
Pelvic Height 0.10 m 
Pelvic Width 0.22 m 
Pelvic Depth 0.09 m 
Femur Length - Right 0.35 m 
Femur Length - Left 0.35 m 
Pelvic Obliquity 9' higher on right 
Pelvic Tilt 20' backwards 
Pelvic Rotation 14' forward on right 
Trunk Lateral Shift 12' to the right 
Trunk Inclination 12' back 
Hip Flexion - Right 2'flexion 
Hip Flexion - Left 2' flexion 
Hip Abduction - Right 2' adduction 
Hip Abduction - L4eft 10' abduction 
Total Average Force - Right 19.22 N 
Total Average Force - Left 22.24 N 
Total Average Force - Combined 20.73 N 
Average Pressure Sacral Pad 4371 Pa. 
Average Force Sacral Pad 1.37 N 
Table A10.18: Anthropometric data for participant 5032 
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igure A10.40; Free body diagram - representation of the body of participant 5032 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT) (distance) 
Mopo = (I 9.22)(0.22sin9') - (30.08)(0.678)(9.8 1)(0.11 cos9*) 
Mopo = 21.08 Nm tendency to decrease pelvic obliquity. 
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Figure A10.52: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5032 showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentp,,,,, = (Forcep)(distance) + (Forcekb)(distance) + mg(HAT)(distance) 
Mo = (1.37)(0.10) + (20.73)(0.10) - (30-8)(0.678)(9.81)(O. 
Itan2O') 
Mo = 5.25 Nm tendency to increase backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip: -- fforceýp) (distance) + (Forcekb)(distance) ± mg(HAT)(distanceF..., )(0.433) 
Mo = (1.37)(0.10) + (20.73)(0.10) - (30.8)(0.1)(9.81)(0.35)(0.433) 
Mo = 2.37 Nm tendency to extend the hip. 
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Figure A10.53: Free body diagram of horizontal view - that is view from above of participant 
5032, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip:: (Forceright)(distance) + (Force, p)(distance) - (Forcel, ft)(distance) 
Mo = (19.22)(0.22cosl4') + (1.37)(0.22cosl4') - (22.42)(0.22cosl4') 
Mo = 0.36 Nm tendency to increase pelvic rotation 
A10.42 
Right Hip 
MomentRH, p = (ForceKB)(Distance) - (Forcesp)(Distance) ± (Forcep) (distance) 
Mo = (19.22)(0.35sin2) + (1.37)(0.22) 
Mo = 0.53 Nm tendency to adduct right hip 
Left Hip 
MomentLHIP= (ForceKB)(Distance) - (Forcesp) (Distance) 
Mo = (22.24)(0.35sin 10') + (1.62)(0) 
Mo = 1.35 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5033 
Body Information Quantity and Units 
Weight 12 kg 
Pelvic Height 0.12 m 
Pelvic Width 0.19 M 
Pelvic Depth 0.08 rn 
Femur Length - Right 0.31 rn 
Femur Length - Lcft 0.31 rn 
Pelvic Obliquity 40 higher on left 
Pelvic Tilt 16' backwards 
Pelvic Rotation 7' forward on left 
Trunk Lateral Shift 5' to the left 
Trunk Inclination 13' back 
Hip Flexion - Right 11' extension 
Hip Flexion - Left 7' extension 
Hip Abduction - Right 50 adduction 
Hip Abduction - Left IV abduction 
Total Average Force - Right It 1.08 N 
Total Average Force - Left 2.23 N 
Total Average Force - Combined 9.66 N 
Average Pressure Sacral Pad 53 10 Pa. 
Average Force Sacral Pad 1.67 N 
Table A10.19: Anthropometric data for participant 5033 
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Figure A10.54: Free body diagram - representation of the body of participant 5033 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT) (distance) 
Mopo = (2.23)(0.19sin4) - (12)(0.678)(9.81)(O. Olcos4') 
Mopo= 11.59Nm tendency to decrease pelvic obliquity. 
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Figure A10.55: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5033 showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentp,,,,, = (Force,, p)(distance) + 
(Forcekb)(distance) ± mg(HAT)(distance) 
Mo = (1.62)(0.12) + (9.66)(0.12) - (12)(0.678)(9.81)(0.12tan 16') 
Mo = 1.40 Nm tendency to increase backwards pelvic tilt. 
HiP FlexionlExtension 
Momenthip : -- (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distanceFemur)(0.433) 
Mo = (1.62)(0.12) + (9.66)(0.12) - (12)(0.1)(9.81)(0.31)(0.433) 
Mo = 0.23 Nm tendency to extend the hip. 
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Figure A10.56 Free body diagram of horizontal view - that is view from above of participant 
5033, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthipý- (Forcel, rt)(distance) + (Force, p)(distance) - (Force, ight)(distance) 
Mo = (2.23)(0.19cos7o) + (1.67)(0-19cos7o) - (111.08)(0.19cos7') 
Mo = 2.49 Nm tendency to increase pelvic rotation 
Right Hip 
MomentRH, p = (ForceKB) (Distance) - (Forcesp)(Distance) ± (Force, p)(distance) 
Mo = (111.08)(0.31 sin5) + (1.67)(0.19) 
Mo = 0.78 Nm tendency to adduct right hip 
Left Hip 
MomentLHIP= (ForceK]3)(Distance) - (Forcesp)(Distance) 
Mo = (2.23)(0.31 sin I I') + (1.67)(0) 
Mo = 0.18 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5040 
Body Information Quantity and Units 
Weight 16.5 kg 
Pelvic Height 0.13 m 
Pelvic Width 0.24 in 
Pelvic Depth 0.12 in 
Femur Length - Right 0.38 in 
Femur Length - Left 0.39 in 
Pelvic Obliquity 12' higher on right 
Pelvic Tilt 16' backwards 
Pelvic Rotation 10' forward on left 
Trunk Lateral Shift 17' to the left 
Trunk Inclination 12' back 
Hip Flexion - Right 12'extension 
Hip Flexion - Left 6' extension 
A10.45 
Hip Abduction - Right 7' abduction 
Hip Abduction - Left 9' adduction 
Total Average Force - Right 36.40 N 
Total Average Force - Left 24.20 N 
Total Average Force - Combined 30.30 N 
Average Pressure Sacral Pad 2558 Pa 
Average Force Sacral Pad 0.80 N 
Table A10.20: Anthropometric data for participant 5040 
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Figure A10.57: Free body diagram - representation of the body of participant 5040 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT)(distance) 
Mopo = (36.40)(0.24sinl2') + (16.5)(0.678)(9.81)(0.12cosl2*) 
Sagittal View (Right Lateral Side) 
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Figure A10.58: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5040 showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis 
=(Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distance) 
Mo = (0.80)(0.13) + (30.30)(0.13) - (16.5)(0.678)(9.81)(0.13 tan 16") 
Mo = 0.05Nm tendency to increase backwards pelvic tilt. 
A10.46 
Hip FlexionlExtension 
Momenthip = (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distanceF,..,, 
)(0.433) 
Mo = (0.80)(0.13) + (30.30)(0.13) - (16.5)(0.1)(9.81)(0.38)(0.433) 
Mo = 1.38 Nm tendency to flex the hip. 
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Figure A10.59: Free body diagram of horizontal view - that is view from above of participant 
5040, showing force at sacral pad, total average force of both kneebIocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthlpý (Forcelft)(distance) + (Force, p)(distance) - (Forceight)(distance) 
Mo = (24.20)(0.24coslO') + (0.80)(0.24coslO') - (36.40)(0.24cosIO-) 
Mo = 2.69 Nm tendency to increase pelvic rotation 
Right Hip 
MomentRH, p = (ForceKB)(Distance) - (Forcesp)(Distance) ± (Force, p)(distance) 
Mo = (36.40)(0.38sin7) + (0.8)(0) 
Mo = 1.69 Nm tendency to abduct right hip 
Left Hip 
MOMentLHIP ý- (ForceKB)(Distance) - (Forcesp) (Distance) 
Mo = (24.20)(0.39sin9') + (0.8)(0.24) 
Mo = 1.67 Nm tendency to adduct left hip 
Biomechanical Analysis - Participant 5041 
Body Information Quantity and Units 
Weight 36.75 kg 
Pelvic Height 0.15 m 
Pelvic Width 0.34 m 
Pelvic Depth 0.12 m 
Femur Length - Right 0.54 m 
A10.47 
Femur Length - Left 0.50 m 
Pelvic Obliquity 17' higher on right 
Pelvic Tilt 12' backwards 
Pelvic Rotation 10' forward on left 
Trunk Lateral Shift 10' to the left 
Trunk Inclination 16' back 
Hip Flexion - Right 14' extension 
Hip Flexion - Left 6' extension 
Hip Abduction - Right 5' abduction 
Hip Abduction - Left 10' abduction 
Total Average Force - Right 49.09 N 
Total Average Force - Left 83.92 N 
Total Average Force - Combined 66.51 N 
Average Pressure Sacral Pad 3981 Pa 
Average Force Sacral Pad 1.25 N 
Table A10.21: Anthropometric data for participant 5041 
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Figure A10.60: Free body diagram - representation of the body of participant 5041 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT)(distance) 
Mopo = (49.09)(0.34sinl7') + (36.75)(0.678)(9.81)(0.17cosl7') 
Sagittal View (Right Lateral Side) 
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Figure A10.61: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5042 showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
A10.48 
Pelvic Tilt 
Momentpelvis = (Force, p) (distance) + (Forcekb)(distance) ± mg(HAT)(distance) 
Mo = (1.25)(0.15) + (66.51)(0.15) - (36.75)(0.678)(9.81)(0.15tanl2() 
Mo = 2.38Nm tendency to decrease backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip = (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distanceFiemur)(0.433) 
Mo = (1.25)(0.15) + (66.51)(0.15) - (36.75)(0.1)(9.81)(0.54)(0.433) 
Mo = 1.74 Nm tendency to flex the hip. 
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Figure A10.62: Free body diagram of horizontal view - that is view from above of participant 
5041, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthlp"ý (Forcelft)(distance) + (Force, p) (distance) - (ForcerighO(distance) 
Mo = (83.92)(0.34coslOO) + (1.25)(0.34coslO') - (49.09)(0.34coslO') 
Mo = 12.08 Nm tendency to decrease pelvic rotation 
Right Hip 
MomentRHIP'-: (ForceKla)(Distance) - (Forcesp)(Distance) ± (Forcep) (distance) 
Mo = (49.09)(0.54sin5o) + (1.25)(0) 
Left Hip 
Mo = 26.11 Nm tendency to abduct right hip 
MomentLHIP'2 (ForceKB) (Distance) - (Forcesp) (Distance) 
Mo = (83.92)(0.50sinlOO) + (1.25)(0) 
Mo = 41.32 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5042 
Body Information Quantity and Units 
Weight 23 kg 
Pelvic Height 0.12 m 
Pelvic Width 0.26 m 
Pelvic Depth 0.11 m 
A10.49 
Femur Length - Right 
0.52 rn 
Femur Length - Left 0.50 rn 
Pelvic Obliquity 16' higher on right 
Pelvic Tilt 16' backwards 
Pelvic Rotation 10' forward on rightt 
Trunk Lateral Shift 10' to the left 
Trunk Inclination 100 back 
Hip Flexion - Right 8'extension 
Hip Flexion - Left 10' extension 
Hip Abduction - Right 6' abduction 
Hip Abduction - Left 8'abduction 
Total Average Force - Right 911.52 N 
Total Average Force - Left 53.74 N 
Total Average Force - Combined 75.63 N 
Average Pressure Sacral Pad 3399 Pa 
Average Force Sacral Pad 1.07 N 
Table A10.22: Anthropometric data for participant 5042 
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Figure A10.63: Free body diagram - representation of the body of participant 5042 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT) (distance) 
Mopo = (911.52)(0.26sinl6o) + (23)(0.678)(9.81)(0.13cosl6') 
Mopo = 26.11 Nm tendency to increase pelvic obliquity. 
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Figure A10.64: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5041 showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
A10.50 
Pelvic Tilt 
Momentpelvis = (Forcesp)(distance) + (Forcekb)(distance) ± mg(HAT) (distance) 
Mo (1.07)(0.12) + (75.63)(0.12) - (23)(0.678)(9.81)(0.12tanl 
Mo 3.95Nm tendency to decrease backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthlpý (Force, p) (distance) + (Forcekb) (distance) ± mg(HAT)(distanceFemul)(0.433) 
Mo = (1.07)(0-12) + (75.63)(0.12) - (23)(0.1)(9.81)(0-52)(0.433) 
Mo = 3.47 Nm tendency to flex the hip. 
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Figure A10.65: Free body diagram of horizontal view - that is view from above of participant 
5042, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip ý (Force. ightt)(distance) + (Force, p)(distance) - (Forcel, ft)(distance) 
Mo = (911.52)(0.26coslO') + (1.07)(0.26coslO') - (53.74)(0.26coslO') 
Mo = 11.48 Nm tendency to decrease pelvic rotation 
Right Hip 
MomentRHIP ý-- (ForceKB)(Distance) - (Forcesp) (Distance) ± (Force,, p)(distance) 
Mo = (911.52)(0.52sin6o) + (1.07)(0) 
Mo = 5.30 Nm tendency to abduct right hip 
Left Hip 
MomentLH, p = (ForeeKB)(Distance) - (Forcesp)(Distance) 
Mo (53.74)(0.50sin8o) + (1.07)(0) 
Mo 3.74 Nm tendency to abduct left hip 
A10.51 
Biomechanical Analysis - Participant 5043 
Body Information Quantity and Units 
Weight 15 kg 
Pelvic Height 0.9 m 
Pelvic Width 0.21 m 
Femur Length - Right 0.34 m 
Femur Length - Left 0.34 m 
Pelvic Obliquity 10' higher on right 
Pelvic Tilt 12' backwards 
Pelvic Rotation IV forward on left 
Trunk Lateral Shift 20' across to right 
Trunk Inclination 13' backwards 
Hip Flexion - Right 120 extension 
Hip Flexion - Left 90 extension 
Hip Abduction - Right 150 abduction 
Hip Abduction - Left 5' adduction 
Total Average Force - Right 46.28 N 
Total Average Force - Left 9.78 N 
Total Average Force - Combined 22.21 N 
Average Pressure Sacral Pad 1491.88Pa. 
Average Force Sacral Pad 0.48 N 
Table A10.23: Information required for theoretical analysis of biomechanics in the sacral pad 
and kneeblock system for participant number 5043. 
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Figure A10.66: Free body diagram - representation of the body of participant 5043, showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT) (distance) 
Momentpo = (46.28)(0.2 1 sin 10') - (I 5)(0.678)(9.81)(0.095cos 10*) 
Momentpo = 11.64 Nm tt decrease pelvic obliquity. 
A10.52 
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Figure A10.67: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5043, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the head 
arms and trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis= (Force, p)(distance) + (Forcekb)(distance) ± Mg(HAT)(distance) 
Mo = (28.02)(0.09) + (0.48)(0.09) - (15)(0.678)(9.81)(0.09tanl2') 
Mo = 0.65 Nm tendency to push pelvis in a clockwise direction. 
Hip FlexionlExtension 
Momenthip' "ý (Force, p)(distance) + (Forcekb)(distance) ± Mg(HAT)(distanceF,.., )(OA33) 
Mo = (22.21)(0.09) + (0.48)(0.09) - (15)(0.1)(9.81)(0.34)(0.433) 
Horizontal PI 
Mo = 0.13 Nm tendency to extend the hip. 
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Figure A10.68: Free body diagram of horizontal view - that is view from above of participant 
5043, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip =(Force, ight)(distance) - (Forcel, ft)(distance) + (Force, p) (distance) 
Mo = (9.75)(0.21cosl ?)+ (0.48)(0.21cosl V) - (46.28)(0.21cos I l') 
Mo = 11.43 Nm tendency to rotate the pelvis anti-clockwise. 
A10.53 
Right Hip 
MOMentRHIP" ': (ForceKB)(Distance) - (Forcesp) (Distance) 
Mo = (46.28)(0.48sinl5') + (0.48)(0) 
Mo = 4.07 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP : -- (ForceKB)(Distance) + (Forcesp)(Distance) 
Mo = (9.75)(0.34sin5") + (0.48)(. 21) 
Mo = 0.39 Nm tendency to adduct left hip 
Biomechanical Analysis - Participant 5047 
Body Information Quantity and Units 
Weight 111.2 kg 
Pelvic Height 0.14 rn 
Pelvic Width 0.20 rn 
Femur Length - Right 0.35 rn 
Femur Length - Left 0.35 rn 
Pelvic Obliquity 7' higher on right 
Pelvic Tilt 19' backwards 
Pelvic Rotation 18' forward on left 
Trunk Lateral Shift 80 across to right 
Trunk Inclination IV backwards 
Hip Flexion - Right 90 extension 
Hip Flexion - Left 80 extension 
Hip Abduction - Right IV abduction 
Hip Abduction - Left 70 adduction 
Total Average Force - Right 13.83 N 
Total Average Force - Left 0N 
Total Average Force - Combined 13.83 N* 
Average Pressure Sacral Pad 2861.10 Pa 
Average Force Sacral Pad 0.90 N 
Table A10.24.: Information required for theoretical analysis of biomechanics in the sacral pad 
and kneeblock system for participant number 5047. 
*In this case the only force acting on the pelvis from the kneeblocks is the force from the right side, so 
the force in the sagittal plane has not been averaged but taken as whole. 
A10.54 
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Figure A10.69: Free body diagram - representation of the body of participant 5047 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) - Mg(HAT)(distance) 
Mo = (I 3.83)(0.2sin7') - (111.2)(0.678)(9.8 1)(0.01 cos7') 
Mo = 11.01 Nm tendency to decrease pelvic obliquity. 
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Figure A10.70: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5047, showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis 
=(Force, p)(distance) + (Forcekb) (distance) ± Mg(HAT)(distance) 
Mo = (13.83)(0.14) + (0.90)(0.14) - (111.2)(0.678)(9.81)(0.14tan 19") 
Mo = 3.44 Nm tendency to push pelvis in an anti-clockwise direction. 
A10.55 
Hip FlexionlExtension 
Momenthip = (Force, p)(distance) + (Forcekb)(distance) ± 
Mg(HAT)(distanceF,.., )(0.433) 
Mo = (13.83)(0.14) + (0.90)(0.14) - (111.2)(0.1)(9.81)(0.35)(0.433) 
Mo = 0.49 Nm tendency to flex the hip. 
Horizontal Plane 
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Figure A10.71: Free body diagram of horizontal view - that is view from above of participant 
5047, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip -2(Forcei, ht)(distance) - (Forcel, ft)(distance) + (Force,, p)(distance) 
Mo = (13.83)(0.20cos18ý + (0.9)(0.20cos18') - (0)(0.20cos18') 
Mo = 2.80 Nm tendency to rotate the pelvis clockwise. 
Right Hip 
MomentRHIP"-': (ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (13.83)(0.35sin I V) + (0.9)(0) 
Mo = 0.92 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP = (ForceKB)(Distance) + (Forcesp)(Distance) 
Mo = (0.9)(0.20) 
Mo = 0.18 Nm tendency to adduct left hip 
Biomechanical Analysis - Participant 5048 
Body Information Quantity and Units 
Weight 53.1 kg 
Pelvic Height 0.17 m 
Pelvic Width 0.35 m 
Pelvic Depth 0.116 m 
A10.56 
Femur Length - Right 0.54 m 
Femur Length - Left 0.54 in 
Pelvic Obliquity 12' higher on left 
Pelvic Tilt 8' backwards 
Pelvic Rotation 16' forward on left 
Trunk Lateral Shift 12' to the left 
Trunk Inclination IV back 
Hip Flexion - Right 18'extension 
Hip Flexion - Left 19' extension 
Hip Abduction - Right 7' abduction 
Hip Abduction - Left 10' adduction 
Total Average Force - Right 611.34 N 
Total Average Force - Left 65.87 N 
Total Average Force - Combined 66.61 N 
Average Pressure Sacral Pad 1050 Pa 
Average Force Sacral Pad 0.33 N 
Table A10.25: Anthropometric data for participant 5048 
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Figure A10.72: Free body diagram - representation of the body of participant 5048 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT)(distance) 
Mopo = (65.87)(0.35sinl2') - (53.1)(0.678)(9.81)(0.18cosl2') 
Mopo = 55.67 Nm tendency to decrease pelvic obliquity. 
A10.57 
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Figure A10.73: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5048 showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis = (Force., p)(distance) + (Forcekb)(distance) ± mg(HAT) (distance) 
Mo = (0.33)(0.17) + (66.61)(0.17) - (53.1)(0.678)(9.81)(0.17tan8') 
Mo = 2.94 Nm tendency to decrease backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthfp'ý (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distanceF,.., )(0.433) 
Mo = (0.33)(0.17) + (66.61)(0.17) - (53.1)(0.1)(9.81)(0.54)(0.433) 
Mo = 0.80 Nm tendency to extend the hip. 
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aeram of horizontal view - that is view from above of varticiDant 
5048, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip= (Forcel, ft)(distance) + (Force, p)(distance) - (Force, ight)(distance) 
Mo = (65.87)(0.35cosl6*) + (0.33)(0.35cosl6') - (63-34)(0.35cosl6') 
Mo = 0.39 Nm tendency to increase pelvic rotation 
Right Hip 
MomentRHIF. = (ForceKB)(Distance) - (Forcesp) (Distance) ± (Force, p) (distance) 
Mo = (611.34)(0.54sin7') + (0.33)(0) 
Mo = 4.43 Nm tendency to abduct right hip 
A10.58 
Left Hip 
MomentLHIP'ý (ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (65.87)(0.54sinlOý + (0-33)(0.35) 
Mo = 6.30 Nm tendency to adduct left hip 
Biomechanical Analysis - Participant 5049 
Body Information Quantity and Units 
Weight 41.8 kg 
Pelvic Height 0.12 m 
Pelvic Width 0.31 m 
Pelvic Depth 0.15 in 
Femur Length - Right 0.52 m 
Femur Length - Left 0.52 m 
Pelvic Obliquity 13' higher on right 
Pelvic Tilt 15' backwards 
Pelvic Rotation 7" forward on right 
Trunk Lateral Shift 60 to the right 
Trunk Inclination 9' back 
Hip Flexion - Right 10'extension 
Hip Flexion - Left 12' extension 
Hip Abduction - Right 4' abduction 
Hip Abduction - Left 7' adduction 
Total Average Force - Right 86.29 N 
Total Average Force - Left 91.04 N 
Total Average Force - Combined 88.67 N 
Average Pressure Sacral Pad 5469 Pa 
Average Force Sacral Pad 1.72 N 
Table A10.26: Anthropometric data for participant 5049 
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Figure A10.75: Free body diagram - representation of the body of participant 5049 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT)(distance) 
Mopo = (86.20)(0.3 1 sinl 3) - (41.8)(0.678)(9.81)(0-16cos 130) 
Mom = 35.97 Nm tendency to decrease pelvic obliquity. 
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Figure A10.76: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5049 showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis = (Force, p)(distance) + (ForCekb)(distance) ± mg(HAT)(distance) 
Mo = (1.72)(0.12) + (88.67)(0.12) - (41.8)(0.678)(9.81)(0.12tanl5') 
Mo = 1.90 Nm tendency to decrease backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthlpý (Force, p)(distance) + (Forcekb) (distance) ± mg(HAT) (distanceF,..,,,. )(0.433) 
Mo = (1.72)(0.12) + (88.67)(0.12)) - (41.8)(0.1)(9.81)(0.52)(0.433) 
Mo = 1.62 Nm tendency to flex the hip. 
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Figure A10.77: Free body diagram of horizontal view - that is view from above of participant 
5049, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenth, p = (Force,. ight)(distance) + (Force,, p)(distance) - (Forcel,, n) (distance) 
Mo = (86.29)(0.3 1 cos7o) + (1.72)(0.3 1 cos7') - (91.04)(03 1 cos7o) 
Mo = 0.93 Nm tendency to increase pelvic rotation 
Right Hip 
MOMentRHIP: -- (ForceKB)(Distance) - (Forcesp)(Distance) ± (Forcesp)(distance) 
A10.60 
Mo = (86.29)(0.52sin4') + (1.71)(0) 
Left Hip 
Mo = 2.60 Nm tendency to abduct right hip 
MomentLHIP ý- (ForceKH) (Distance) - (Forcesp)(Distance) 
Mo = (91.04)(0.52sin7o) + (0.33)(0) 
Mo = 6.30 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5050 
Body Information Quantity and Units 
Weight 22.5 kg 
Pelvic Height 0.14m 
Pelvic Width 0.15 m 
Pelvic Depth 0.12m 
Femur Length -Right 0.42 m 
Femur Length - Left 0.42 m 
Pelvic Obliquity 10' higher on left 
Pelvic Tilt 8' backwards 
Pelvic Rotation 8' forward on right 
Trunk Lateral Shift 10' to the left 
Trunk Inclination 10' back 
Hip Flexion - Right 4extension 
Hip Flexion - Left 7'extension 
Hip Abduction - Right 10'adduction 
Hip Abduction - Left 4'abduction 
Total Average Force - Right 24.42 N 
Total Average Force - Left 90.29 N 
Total Average Force - Combined 511.36 N 
Average Pressure Sacral Pad 4394 Pa 
Average Force Sacral Pad 1.38 N 
Table A10.27: Anthropometric data for participant 5050 
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Figure A10.78: Free body diagram - representation of the body of participant 5050 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
A10.61 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT) (distance) 
Mopo = (90.29)(0-15sinlO') - (22-5)(0-678)(9.81)(0.08cosIO") 
Mopo = 8.7 Nm tendency to decrease pelvic obliquity. 
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igure A10.62: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5050 showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentp,,,,,, = (Force, p)(distance) + (Forcekb) (distance) ± mg(HAT)(distance) 
Mo = (1.38)(0.14) + (511.36)(0.14) - (22.5)(0.678)(9.81)(0.14tan8o) 
Mo = 5.28 Nm tendency to decrease backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip = (Force, p) (distance) + (Forcekb)(distance) ± mg(HAT)(distanceFemijr)(0.433) 
Mo = (1.38)(0.14) + (511.36)(0.14) - (22.5)(0.1)(9.81)(0.42)(0.433) 
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Figure A10.79: Free body diagram of horizontal view - that is view from above of participant 
5050, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
A10.62 
Pelvic Rotation 
Momenthipý (Forceright)(distance) + (Force, p)(distance) - (Forcelft)(distance) 
Mo = (24.42)(0.15cos8) + (1.38)(0.15cos8') - (90.29)(0.15cos8') 
Mo = 9.58 Nm tendency to increase pelvic rotation 
Right Hip 
MomentRH, p = (ForceKB)(Distance) - (Forcesp)(Distance) ± (Force, p)(distance) 
Mo = (24.42)(0.42sinlO') + (1.38)(0-15) 
Mo = 1.99 Nm tendency to adduct right hip 
Left Hip 
MOMentLHIP -"' (ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (90.29)(0.42sin9') + (1.38)(0) 
Mo = 5.72 Nm tendency to abduct left hip 
Biomechanical Analysis - Participant 5056 
Body Information Quantity and Units 
Weight 26 kg 
Pelvic Height 0.17 m 
Pelvic Width 0.26 m 
Pelvic Depth 0.16m 
Femur Length - Right 0.41 m 
Femur Length - Left 0.41 m 
Pelvic Obliquity 110 higher on left 
Pelvic Tilt 160 backwards 
Pelvic Rotation IV forward on right 
Trunk Lateral Shift 16' to the left 
Trunk Inclination 13' back 
Hip Flexion - Right 14'extcnsion 
Hip Flexion - Left IV extension 
Hip Abduction - Right 8' abduction 
Hip Abduction - Left 8' adduction 
Total Average Force - Right 61.31 N 
Total Average Force - Left 31.70 N 
Total Average Force - Combined 411.01 N 
Average Pressure Sacral Pad 3152 Pa 
Average Force Sacral Pad 0.99 N 
Table A10.28: Anthropometric data for participant SOM 
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Figure A10.80: Free body diagram - representation of the body of participant 5056 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro- 
iliac joint, and the two ASIS's, with a line joining them. 
Coronal Plane 
Momentpo = (Forcekb)(Distance) + mg(HAT)(distance) 
Mopo = (32.7)(0-26sin I V) - (26)(0.678)(9.81)(0.13cos I I) 
Mopo = 6.06 Nm tendency to decrease pelvic obliquity. 
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Figure A10.81: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5056 showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
Pelvic Tilt 
Momentpelvis = (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT)(distance) 
Mo = (0.99)(0.17) + (411.01)(0.17) - (26)(0.678)(9.81)(0.17tanl6O) 
Mo = 0.27 Nm tendency to increase backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthip'm: (Force, p)(distance) + (Forcekb)(distance) ± mg(HAT) (distanceF..., )(0.433) 
Mo = (0.99)(0.17) + (411.01)(0.17) - (26)(0.1)(9.81)(0.41)(0.433) 
Mo = 4.78 Nm tendency to flex the hip. 
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Figure A10.82: Free body diagram of horizontal view - that is view from above of participant 
5056, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthlp'ý (Forceright) (distance) + (Force, p) (distance) - (Forcel, ft) (distance) 
Mo = (61.31)(0.26cos 110) + (0.99)(0.26cos 110) - (32.70)(0.26cos II *) 
Mo=11.55Nm tendency to decrease pelvic rotation 
Right Hip 
MomentRH, p = (ForceKB)(Distance) - (Forcesp)(Distance) ± (Force., p)(distance) 
Mo = (63.31)(0.41sin8o) + (0.99)(0) 
Left Hip 
Mo = 3.50 Nm tendency to abduct right hip 
MomentLHIP'ý (ForceKB)(Distance) - (Forcesp) (Distance) 
Mo = (32.70)(0-41sin8o) + (0.99)(0.26) 
Mo = 2.13 Nm tendency to adduct left hip 
Biomechanical Analysis - Participant 5057 
Body Information Quantity and Units 
Weight 28.9 kg 
Pelvic Height 0.12 m 
Pelvic Width 0.28 m 
Pelvic Depth 0.13 m 
Femur Length - Right 0.48 m 
Femur Length - Left 0.45 m 
Pelvic Obliquity 80 higher on right 
Pelvic Tilt 20' backwards 
Pelvic Rotation 18' forward on right 
Trunk Lateral Shift 23' to the left 
Trunk Inclination 17' forward 
A10.65 
Hip Flexion - Right 15'extension 
Hip Flexion - Left 15' extension 
Hip Abduction - Right 9' abduction 
Hip Abduction - Left 8' adduction 
Total Average Force - Right 64.46 N 
Total Average Force - Left 82.47 N 
Total Average Force - Combined 73.46 N 
Average Pressure Sacral Pad 8277 Pa 
Average Force Sacral Pad 2.6 N 
Table A10.29: Anthropometric data for participant 5057 
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Figure A10.83: Free body diagram - representation of the body of participant 5057 showing the 
head, neck joint, centre of mass, and a compressed representation of the pelvis, showing sacro. 
iliac joint, and the two ASIS's, with a line joining them. 
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Momentpo = (Forcekb)(Distance) + mg(HAT)(distance) 
Mopo = (64.46)(0.28sin8') + (28.9)(0-678)(9.81)(0.14cos8*) 
Mopo = 29.16 Nm tendency to decrease pelvic obliquity. 
Figure A10.84: Free body diagram of sagittal view (equivalent to right lateral view on SPCM) of 
participant 5057 showing force at sacral pad, total average force of both kneeblocks at the knee, 
the distance (pelvic height) over which the forces are acting, and the centre of mass of the Head 
Arms and Trunk (HAT) as well as the centre of mass of the thigh. 
A10.66 
Pelvic Tilt 
Momentpelvls-ý (Forcep)(distance) + (Forcekb)(distance) ± mg(HAT) (distance) 
Mo = (2.6)(0.13) + (73.46)(0.13) + (28.9)(0.678)(9.81)(0.13tan2Oo) 
Mo = 18.99 Nm tendency to decrease backwards pelvic tilt. 
Hip FlexionlExtension 
Momenthlp"ý (Force., p)(distance) + (Forcekb)(distance) ± mg(HAT) 
(distanceF,.,,,, )(0.433) 
Mo = (2.6)(0.13) + (73.46)(0.13) - (28.9)(0.1)(9.81)(0.48)(0.433) 
Mo = 4.00 Nm tendency to flex the hip. 
Horizontal Plane 
F=2.6N 
I 
Right 0 82' Left 
d=018m 
d=OA8m 990 =OA5m 
F=64A6N 
I 
F= 2A2N 
I 
Figure A10.85: Free body diagram of horizontal view - that is view from above of participant 
5057, showing force at sacral pad, total average force of both kneeblocks at the knee, the distance 
(femur length) over which the forces are acting. There is no centre of mass/gravity as the 
horizontal plane is in a gravity-eliminated position. 
Pelvic Rotation 
Momenthip =(Force, ight)(distance) + (Force, p)(distance) - (Forcel, ft)(distance) 
Mo = (64.46)(0.28cos 18) + (2.6)(0.28cos 180) - (84.82)(0.28cos 180) 
Mo=4. IONm tendency to increase pelvic rotation 
Right Hip 
MomentRHIP ' "ý (ForceKB)(Distance) - (Forcesp)(Distance) ± (Force., p)(distance) 
Mo = (64.46)(0.48sin9o) + (2.6)(0) 
Mo = 4.84 Nm tendency to abduct right hip 
Left Hip 
MomentLHIP= (ForceKB)(Distance) - (Forcesp)(Distance) 
Mo = (22.42)(0.45sin8') + (2.6)(0.28) 
Mo = 2.13 Nm tendency to adduct left hip 
A10.67 
Appendix 11: Table of Body Segment Parameters 
Table 1: Anthropometric data: Body segment parameters for mass and segment of mass 
developed by Contini & Drillis (1996), taken from Winter (1990) 
Reference: 
Winter, D. (1990). Biomechanics and motor control of human movement (2 nd Ed. ). 
Canada: John Miley & Sons. 
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